Adsorption of Dyes on Activated Carbon from Agricultural Wastes. by Parvin, Maliha
United Arab Emirates University
Scholarworks@UAEU
Theses Electronic Theses and Dissertations
5-2013
Adsorption of Dyes on Activated Carbon from
Agricultural Wastes.
Maliha Parvin
Follow this and additional works at: https://scholarworks.uaeu.ac.ae/all_theses
Part of the Chemistry Commons
This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Scholarworks@UAEU. It has been accepted for
inclusion in Theses by an authorized administrator of Scholarworks@UAEU. For more information, please contact fadl.musa@uaeu.ac.ae.
Recommended Citation
Parvin, Maliha, "Adsorption of Dyes on Activated Carbon from Agricultural Wastes." (2013). Theses. 164.
https://scholarworks.uaeu.ac.ae/all_theses/164
lnU:U a�1 CL.u 10 II ul La!J1 Ci.st.ab ... r--" J .  . United ATab Emirates University 
United Arab Emirates Universit 
College of Science 
Department of Chemistry 
ADSORPTION OF DYES ON ACTIVATED CARBON FROM 
AGRICULTURAL WASTES 
Maliha Par in 
Thi the i is submitted in partial fulfilment of the requirements for the degree of Master 
of Science in Chern istry 
Under the Supervision of Professor Thies Thiemann 
May 20 1 5  
1 1  
Declaration of Original Work 
L Maliha Parvin, the under igned, a graduate student at the nited Arab Emirates 
'niver it) ( E ) , and the author of thi the i entitled "'Adsorption of Dye on 
Actimt d Carbon from Agr icultural Fra te ", hereb , olemnly declare that thi the i s  is 
an riginal r search work that ha been done and prepared b me under the upervision 
of Prote sor Thie ThiemalID and Dr. Ahmed oliman , in  the College of cience at 
AE . Thi work ha not been previousl fom1ed as the basis for the award of any 
academic degree, d iploma or a imi lar t itle at this or an) other university. The materials 
borrowed from other OUTce and included in my thesis ha e been properly c i ted and 
ackno\',ledged. 
d . � �, � PtA"'''' tu ent's 19nature. ___________ _ Date -------
Copyright � 2015 Mal iha Parv in 
Al l  Rights Reserved 
III 
Approval of the Master Thesis 
This Master Thesis is approved by the following Examining Committee Member : 
I )  Ad isor (Committee Chair): Thies Thiemann 
Title: Professor 
Department of Chemi try 
College of cience 
rn ',� ignature _-,-[l ID -"..:....-_ _ _ _ _ _ _ __ _ 
2) Member (External Examiner): athir AI-Rawashdeh 
Title: Professor 
Department of Appl ied Chemical Sciences 
Date 
Institution: Jordan University of cience and Technology 
May 28th 20 1 5  
D& Signature __________ _ Date May 28th 20 1 5  
3 )  Member ( Internal Examiner): Ahmed Murad 
Title: Associate Professor, Vice-Dean COS 
Department of Geology 
Signature ----I-----JC-��_t___------'.J.- 2 �}-i.-- 1.; \ ) Date ---'-�_\--- __ 
4) Member (Co-Supervisor): Member: Ahmed M. Soliman 
Title: Instructor 
Department of Chemistry 
Co llege of Science � 
Signature _ � Date gjJGl 2d {}; 
� 
r 
r 
Thi M a  ter The i accepted by: 
Dean of the ollege of cience: Profe sor Frederick Leung 
Date J:,:--l0, ').:. �s 
Dean of the College of the Graduate tudies: Profes or Nagi T. Wakim 
Date II [G \20 r;-
Copy l of ---=:L 
Thi Ma ter The i accepted by: 
Dean of the o l lege of cience: Professor Frederick Leung 
Date klo, � \S-
Dean of the Col lege of the Graduate tudie : Professor Nagi T. Wakim 
Date II [G!20f;-
Cop_ l of � 
\1 
Ab tract 
dsorption of d es as a remediation technique for dye- loaded wast water remain an 
area of intere 1. n the one hand, adsorption u ing bio-derived. renewable orbent 
material can be een as en ironmental ly friend I . on the other hand adsorption can 
prO\ide u with a trouble-free. commercia l ly cheap operation. The main objective of thi 
the i i ad orption of the d es Crystal Violet (CV)  and N i le Blue (NB)  on acti ated 
carbon deri\'ed from date palm leaf wast . For this purpose. acti ated carbon was 
prepared via chemical treatment of palm leaf wastes with sulfuric acid ( H2S04), 
pho phoric acid ( H3P04) .  and nitric acid ( HN03), respectively, with subsequent 
carbonization through thelmal treatment . D e adsorption tudies with this activated 
carbon were carried out under d ifferent conditions. and the influence of d ifferent 
parameter uch as temperature. time. pH. dye concentration. dose and particle size of 
activated carbon ( AC )  \vas i n  estigated in  batch experiments. Furthermore. dynamic 
orption e 'periments were perfol1ned successivel . The present study found AC from 
date palm leaves to be a promising 10 cost adsorbent to remo e CV and NB from 
aqueou solutions. 
Keywo rd : Activated carbon, dye adsorption. crystal v iolet dye, ile blue dye, date 
palm leaf. 
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Chapter 1: Introduction 
1 . 1  I n d u  t rial Organic  D e- tuff 
I n  form r time . d) e were gained mo tl from mineral ( inorganic ) ources with 
the exception of orne \ er expensive organic dye from natural source . uch as of 
purpur from the mol lusk Murex spp .. carlet from the Kerme in ect and carmine from 
the ochineal insect .  In 1 856. W. H. Perkin perfected the synthesis of the first organic  
dye "mauve". In  1 878. A .  von Bayer synthesized indigo for the first t ime. In  the early 
1 860 . H. Caro tarted working for BA F and developed a synthesis  for al izarin. BASF 
also obtained a patent to manufacture methylene blue. and by 1 90 1 . 80% of the revenues 
of BA F (a company that nowadays employs 1 1 3000 peopJe) came from dyestuff. 
Today. organic dyes are integral ly associated with the text i le  industry. 
The world-use of reactive dyes alone increased from 60.000 tons in 1 988 to 
1 78 .000 tons i n  2004 (182 .000 tons in 20 1 1 ) . The world production of ind igo d es l ies 
at 80.000 tons per year ( in 20 1 0) .  while 1 1 2 .000 tons of naphthol dyes \ ere produced 
annual ly by 20 1 3  and Ghaly Furthermore. today. more than 1 0,000 d ifferent dyes are 
produced annual ly for d ifferent appl ications. 30% of which are used in excess of 1 ,000 
tonnes per year. However. 90% of the text i le products are used at the level of 1 00 tonnes 
per annum or less. making for the large variety of dyes used in the textile industry 
( Ghal • Ananthashanker, A lhattab. & Ramakrishnan, 20 1 4 ;  Phil ips, 1 996; UNSD, 20 1 3 ;  
Soetaert. & Vandamme, 20 1 0 ) .  
1.2 la ificat ion  y tern of D 'e 
Dyes can be classi fied according to their chemical tructure and their application. 
In  term of chemical structure. dyes can be inorganic or organic  compounds. gain. both 
group can be ubdivided into natural and ),nthetic compound . According to the 
dyeing method. d) can be divided into anionic. d irect or disperse dye . here based on 
their application ( Hunger. 2007: Christie. 20 1 4) .  
1 .2. 1 Dye C lassi ficat ion Ba ed on  the Chem ical Stru cture of the Dye 
1 .2 . 1 . 1  Azo C h ro m ophore 
Azo compounds have the azo l inker ( two nitrogen atoms double bonded to each 
other: = ) ( F ig  1). Each nitrogen atom is bound to another group. which most often i 
an aryl group. There are dyes with one. two. three and e en four azo groups in  the 
molecule. The aromatic rings usual ly  have chI oro. hydroxyl ,  sulphate or n itro groups 
attached. either to increase the solubi l i t  of the dye in water or to enhance its 
interactions with the substrate. Today, azo dyes are widely used because of their good 
performance and co t effect iveness. 
I 
N 
# 
-::71 
F igure 1 :  Azo group 
1.2.1.2 n t b raq u i none Cbromopbore 
Anthraquinone ( Fig 2 )  ba ed compound are con idered to con titute the econd 
most important cIa of texti le dye after azo dy es. evertheles , they do not how the 
large \ ariety of col ur that azo dye do. In addition. it must be noted that anthraquinone 
d) es are expen ive. 
o 
o 
Figure 2: Anthraqu inone group 
1 .2. 1 .3 I nd igoid C h romopbore 
I n  1 878.  Ado lf  von Bayer managed to synthesize ind igo from phenylacetic acid. 
I ndigo is  extensi ve ly used to colour denim, popular most ly due to its characteri stic of 
producing gradual ly fading blue shades ( Fig 3 ) .  
o 
o 
F igure 3: Ind igo 
1 .2. 1 .4 Poly m et h ine  and Related C h romophore 
Thi group of d 'es inc ludes al iphatic molecule v,ith conjugated ystem ( Fig -+), 
the mo t wel l -knov. n repre entative of which i the �-Carotene. which ha a straight 
conjugated s) tem. Howe",er. there are also dye \.,:ith aromatic structures in this c las . 
The e are u ed for colouring acryl ic  fibre and paper. Within this c las of dyes. a 
number of arylcarbenium dye are used in the basic process (cat ionic ), and there are 
neutral and anionic dye . 
�N 
I 
e CI 
Figure 4: Malach ite green, a triaryl carbeni um dye 
1 .2. 1 .5 P hthalocyan ine Chromophore 
This group of dyes is formed by molecules exhibit ing a macrocycle of 
benzopyrro]e ( indole) rings, usual ly with a metal ion in  the centre ( Fig 5). Copper 
phthaloc anine is widely used in plastics, paints and i nks, as well as in the texti le 
i ndustry for dyeing and printing. The colours are extremely stable and strong. making 
them cost effective. 
Figure 5: Phtha locy anine 
1 .2 . 1 .6 u l p h u r  Com pound and S u lphur  Contai n i n g  Chromophore 
ulphur compounds and sulphur containing chromophores are prepared when 
sulphur is heated together with aromatic compounds, where sulphur dyes are pol mers 
with heterocyc l ic rings and thiophenol ic  sulphur ( Fig 6). Sulphur black i s  used in the 
texti le i ndustry with the highest tonnage of al l sulphur containing dyes. 
s � 
Figure 6 :  The presumed form of Su lphur dye 
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1 .2. 1 . 7 Metal  Com plexe a nd Chromophore 
The mo t u ed commonly used metals in  metal complex dyes are chromium. 
copper. iron. cobalt and nickel .  The mo t important groups r nvolyed in  complex 
fomlation \vith the metal ion are the hydroxyl ( -OH ). carboxy ( -C02) and amino groups 
( - H- ) .  
1 . 2 .2 CIa  i ficat ion of Dye Acco rd i n g  to  Their  U age 
According to the appl ication method. dyes can be c lassified into acidic, basic, 
d irect, mordant. vat. reacti e, and disperse dyes ( Table 1 ) . 
C lass Pri nc ipa l  su bstrate Appl icat ion method Chemical  types 
Acid nylon, wooL si lk ,  usual ly from neutral to Azo ( including 
paper. inks. and leather acidic premeta l l i zed), 
dyebaths anthraquinone, 
tri pheny lmethane, 
azine, xanthene. ni tro 
and n itro so 
Azoic cotton, rayon, cel lulose fiber impregnated with Azo 
components acetate and coupl ing component and 
and polyester treated with a solution of 
compositions stabi l ized diazoniurn salt 
Basic Paper, polyacryloni tri le, appl ied from acidic Cyanine. hemicyanine. 
modified nylon, dyebaths d iazaherni -cyanine, 
polyester and inks dipheny Imethane. 
triaryl -methane. azo. 
azine, xanthene, 
acridine. oxazine, and 
anthraquinone 
Direct cotton. ra) on. paper. I appl ied from neutral or Azo. phtbalo yanine. 
leather and nylon s l ightly alkal ine baths sti lbene. and 
containing additional oxazine 
electro i)1e 
Di per e polye ter. pol. amide. fine aqueou di persions Azo. anthraquinone, 
acetate. acry l ic  and often applied by high styryl .  nitro. and 
pIa t ic temperature/ pressure or benzodi furanone 
lower temperature 
carrier methods: dye 
may be padded on c loth 
and baked on/or 
the11110fixed 
Fl uore cent oap and detergents. a l l  from solution. Sti lbene, pyrazoles. 
brightener fibres. o i l s. paints. and di persion or coumarin, and 
pIa t ic suspensIOn m mass naphthal imides 
Food. drugs, foods. drugs. cosmetics Azo. anthraquinone. 
and cosmetic carotenoid 
d) es and triarylmethane 
Mordant wool ,  leather, and appl ied in conjunction Azo and anthraquinone 
anodized aluminium with Cr sal ts 
Oxidation hair. fur. and cotton aromatic amines and Ani l ine black and 
base phenols  indetem1inate 
oxidized on the substrate structures 
Reactive cotton. wooL silk, and reactive site on dye Azo. anthraquinone. 
nylon reacts with functional phthalocyani ne, 
group on fibre to b ind f01111azan. oxazine, and 
dye co alently under basic 
influence of heat and pH 
(al kal ine )  
Solvent plastics ,  gaso l ine, d issolution in  the Azo. triphenylmethane, 
varnishes, lacquers. substrate anthraquinone, 
stains, i nks, fats. oi ls ,  and phthalocyanine 
and waxes 
Sulphur cotton and rayon aromatic ub trate vetted indetem1inate 
\\- itb odium ulphide tructure 
and re-oxidized to 
in olubl sulphur-
containing products on 
fibre 
Vat cotton. rayon. and wool water-insoluble dyes anthraquinone 
olubi l ized by reducing ( i ncluding polycycl i c  
with sodium quinones) and 
h drogensulfite. then indigoids 
exhausted on fiber and 
reoxidized 
Table 1 :  unllTIary of the c lasses of dyes according to their appl ication ( Hunger. 2007) .  
1 .3 Adver e Effect  of Dye-Loaded Wa tewater 
Emissions of organic pol lutants from industrial activities are a major cause of 
degradat ion of water quality. Within this context. the developing countries contribute 
the largest amount of text i le  wastewater ( World Bank. 20 1 2) .  Waste water generated in  
major c ities of I ndia i s  estimated 38.354 mi l l ion l i tres per day ( M L D), but the sewage 
treatment capacity is only of 1 1 786 MLD ( Kaur. Wani .  S ing, & Lal, 20 1 2) .  Wastewater 
generation from this sector has been estimated as 55 x l 06 m3 per day, of whicb 68 .5x 1 03 
m3 are dumped directly into local rivers and streams without prior treatment ( MOWR. 
2000). 
Moreover, about 1 0% of dyes used in  the texti le industry are lost during the 
dyeing process, and 2% are direct ly discharged as aqueous effluents into the 
en i ronment. Without adequate treatment, these compounds retain their colour and 
structural integrity under exposure to sunl ight. soi L  bacteria and sweat. and exhibit a 
9 
high resistance to microbial degradation in wa te\\ ater treatment \ terns. The\ remain � - . 
in the em i ronment for longer periods. i f  di charged without adequate treatment 
( oloman. Basha. elan. Ramamurthi .  Kotee waran. & Balasubrarnanian. 2009: Baban. 
Yedi ler. & Ci l iz. 20 1 0: Robin on. McMul lan. Marchant. & igam. 200 1 ) .  
Thu . Vva te material from teo t i le industries are usual ly  di scharged as 
wa tewaters. which are high in colour. have decrea ed biochemical oxygen demand 
( BOD). increased chemical oxygen demand (COD ). a change in pH. in temperature. and 
in turbidit) and have toxic chemical content ( Verma, Dash, & Bhunia. 20 1 2 ) .  Also. the 
release of wastewater from the texti le industry to the environment causes aesthetic 
problems as \>, ith the al tered color of the water in such water bodies as lakes and ri ers 
local people are affected . Besides this, the accumulat ion of colour obstructs sunl ight 
penetration. thus fUliher perturbing the ecosystem of the water (Georgiou, Aivazidis. 
Hatiras. & Gimouhopoulo . 2003 ) .  Because of the penetration of the waste into the soiL 
ground water systems can also be affected by these pollutants (Namasivayam & 
Sumithra. 2005 ) .  Apart from this, several d es and their metabol i tes have pro ed toxic 
to aquat ic l i fe (aquatic plants, microorganisms, fish and marnmals (Ustlin. Solmaz. & 
Birgul. 2007).  
I t  i s  noteworthy that some dyes are mutagenic .  Moreover, due to a decrease of 
l ight penetration into the water due to the dyes. the photos nthetic act ivity of the aquatic 
system is  affected (Ogugbue, & Sawidis. 20 1 1 ). Dye waste effluents from factories can 
be a direct health r isk ( WHO. 2000; WHO, 2002) .  Thus. both sporadic and excessi e 
exposure to colour effluents can make humans more vulnerable to inmmne suppression. 
respiratory and c irculatory diseases, d isorders of central nervous system, including 
1 0  
neurobehavioral disorder . I so. a l i nk of exposure to dye waste and the occurrence of 
allergies. autoinunune di eases up to mult iple myeloma, leukaemia. and lung oedema 
has been reported. Other effects can include vomit ing. hyperventi lation. insomnia. 
profuse diarrhoea, al ivation. and eye or skin infections ( Foo. & Hameed. 20 1 0) .  
E pecial ly  high health r i  k upon exposure t o  azo d e h a  e been noted such as of 
the ga trointestinal tract. skin. and lungs. Hemoglobin ad ducts with azo dyes with 
concomitant di sturbance of blood formation. caused by the adsorption of azo dyes and 
their breakdown products have been recorded. Several azo dyes ha e been noted to 
cau e damage to DNA material that can lead to the genesis of mal ignant tumors. 
Electron-donating substituents in ortho and para position to the azo l i nker can increase 
the carc inogenic potential of the dye. Some of the conm1ercial ly used azo dyes (e.g. 
Direct Black 38. azodisal icylate ) and their breakdown products have been found to 
i nduce cancer in  humans and animals (Carmen. & Daniela, 20 1 2) .  
1 .4 P rocedu res fo r the  Separation a n d  E l imin at ion of Dyes from W ater 
The problematic disc ussed above necessitates that remnant dyes are separated 
from wastewater. Procedures for the separat ion and el imination of dyes from water have 
to sati sfy: firstly, those organic  dye-wastes are separated from water environment and 
secondly. that at least a partial or better yet a complete mineral ization or decomposition 
of the organic dye wastes occurs. Separation processes can be based on fluid mechanics 
( sedimentation, centrifugation, fi ltration ar1d flotation) or on synthetic membrane 
separation techniques (micro-, u ltra- and nanofiltration, reverse osmosi s) .  Additionally. 
physico-chemical processes ( i .e . ,  adsorption, chemical precipitation, coagulation-
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flocculation. and ionic e change proce es can be u ed to eparate di oh ed. 
ernul i Red and ol id components from the water environment (Babu, Parande, Raghu. & 
Kumar. 2007: a\ eed. Bhatti .  & Ali. 2006: Carmen. & Daniela. 20 1 2) .  
Partial and complete mineral ization o r  decomposition of d:e as pol lutants can 
be achieved by biological and chemical proce es. Biological method are u ed in 
connection \\ ith activated sludge processe and membrane bioreactors. Chemical 
proces e inc lude the ad anced oxidation of d es with ozone. H202 which can be run 
concomitantly under V-irradiation ( Lai . Chen, Chen, Wan. Wen, & hu. 20 1 4: 
Wie mann. Choi. & Dombro\\' k i .  2007) .  The biological and chemical proce ses can 
al 0 be combined. 
1 .4. 1 Physical  Treatment  Methods fo r Dye- loaded Wastewater 
1 ..1 . 1 . 1  Adsorption 
Adsorption techniques ha e gained fa our recent ly due to their efficiency in the 
removal of pol lutants. Thus. adsorption techniques have been found to be among the 
most effective and proven treatments of dye-loaded wastewater. It is a rapid process of 
separation of the adsorbate from the aqueous phase of the waste water, produc ing a high 
qual ity water. I t  i s  a process, which i s  economical ly feasible ( Choy. McKay, & Porter, 
1 999).  This process consists in the transfer of soluble dyes from wastewater to the 
surface of a sol id,  highly porous material (the adsorbent) .  Adsorbents can be of organi c  
o r  i norganic nature. I norganic adsorbents are china clay, bentonite c lays. s i l ica gel .  
metal oxides zeol i tes and fly ash ( Gupta S ing, Tyagi , Prasad. & S ing. 1 992 ; ( Ozcan. 
Erdem. & Ozcan, 2004; Zaharia. & Suteu 20 1 3 ) . Typical natural organic adsorbents 
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that have been used are p at ( Poot . YlcKay. & Heal ) . 1 976: iraraghayan. & � l ih ial .  
1 995 :  Bou her. hen. & Edy" ean. 1 99 7 )  and woodchip ( Poot . cKay. & Healy. 1 976: 
'\;igam. nnour. Banat. ing. & Marchant. 2000; Robinson. McMul lan. Marchant. & 
. · igam. 200 1 ) 
One of the mo t u ed ad orbent i s  activated carbon. Thus. usmg acti \ ated 
carbon remains the most commonly used method of dye removal by ad orption a sar. 
& EI-Geundi.  1 99 1 ) .  
1 04. 1 .2 I o n ic Exchange 
Ion exchange process is very effective to remove various heavy metals from 
\va tewater. Ion e 'change resins can be eas i ly recovered and reused by regeneration 
operations (Abo-Farha. Adel -Aal . Ashour. & Garamon. 2009). Ions in  solution are 
transferred to a sol id matrix in  this proce . which can release different types of. but 
imi larl) charged ion (Zewai l .  & Yousef, 20 1 5 ) .  I t  is a physical separation process. 
where the ions exchanged are not chemical ly al tered. The main ad antages of ion 
exchange are recovery of metal value. selectivity. less sludge volume produced and the 
meeting of strict discharge specifications. Furthennore, the ion exchange resin can be 
categorized based on functional groups such as cationic exchange resins. anIOn 
exchange resins. and chelating exchange resin ( Lee, Kuan, & Chern, 2007).  
1 .4. 1 .3 Mem brane P rocesses 
Membrane fi ltration has the abi l ity to work in combination with other effluent 
treatments. This method is not only restricted to organic contaminants and 
mlcroorgamsm pre ent in  \Va tev,'ater but to salts membrane fi l tration ha been u ed for 
color removal . BOD reduction. alt reduction. pol) ' in) I acetate ( PV ) recowry. and 
latex r covel). among others. The method i resi tant to temperature. The membrane 
filtration can be detrimental ly influenced b) microbe . The remaining, concentrated 
r idue after eparation can po e removal problem . The teclmique suffers from high 
capi tal cost and has a risk of c logging. Frequent membrane replacement is one more 
di advantage of thi proce . Thi s  method is  uitabk if  the effluent contains a low 
concentrat ion of dye . The common membrane filtration types are Micro-Fi ltration 
( MF). ltra-F i ltration ( F ). ano-F i ltrat ion F), and Reverse Osmo is ( RO) .  The 
choice of the membrane proces i s  influenced by the required qual ity of the fmal 
effluent (Anjaneyulu. Chary. & Raj , 2005;  Robinson, McMul lan. Marchant, & Igam. 
200 1 ) . 
1 04. 1 .3 . 1  M ic ro- Fi l trat ion 
This  treatment i s  suitable for dye baths and rinsing baths, which contain pigment 
dyes (Babu, Parande. Raghu, & Kumar. 2007) .  Microfiltrat ion can be used as a 
pretreatment for nano-fi ltration or reverse osmosis ( Ghayeni. Beatson. Schneider. & 
Fane. 1 998) .  I t  can separate suspended solids and col loids. using macromolecules with 
pores of 0 . 1 to 1 micron. M F  perfomlance leads typical ly to >90% reduction for 
turbidity. Usual ly .  microfiltration membranes are made from specific  polymers such as 
poly (ether sulfone), poly (vinyl id ienefl uoride) .  poly (sulfone ) ,  poly (vinyl idene 
d ifluoride). polycarbonate. polypropylene, polytetrafluoroethylene ( PTFE). among 
others. Ceramic .  glass, carbon, zirconia coated carbon; alumina and intered metal 
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membrane are u ed vv here unu ual chemical re i tance or high temperature action i s  
required ( a\ eed, Bhatt i .  & I i .  2006) .  
J A. 1 .3.2 U l t ra-Fi l trat ion 
This method can eparate macromolecule and partic les from water. but u ual ly  
on ly  3 1 -76% of dye-stuff in typical ly dye-containing waste water can be removed by 
thi s method . The treated wa tewater i s  not allowed to  be reused for sensitive processes. 
but 40% of such treated v,'astewater can be reused in the text i le  industry for rinsing. 
wa hing. etc .. " here al in i ty of the water i s  not a big deal . Usual ly. u ltrafi l tration is used 
as a pretreatment for reverse osmosis or in combination with a biological reactor or to 
remove metal hydroxides ( reducing the heavy metal content to 1 ppm or less) ( Mignani . 
osenzo, & Gualdi ,  1 999: Babu, Parande, Raghu. & Kumar, 2007) .  
1 A. 1 .3.3 Nano-Fi l t rat ion  
Nano-fi ltration (NF)  i s  often used to separate effluents from a texti le plant. The 
process has demonstrated its abi l i ty to decolorize solutions. F techniques lead to a 
sharp reduction i n  chemical oxygen demand (COD) ( up to 94% in  a cross flow cel l ) .  
However. F modules are extremely sensitive to foul ing by col loidal materiaL 
macromolecules and polymers. Therefore, extensive pretreatment is required. Almost al l  
NF and RO membranes are thin film composite membranes (Naveed, Bhatti & Ali .  
2006: Chakrabort i .  Purkait, DasGupta, & Basu, 2003 ) .  
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1 .... . 1 .3 .... Rever e O  mo is 
Rever e osmo I (RO i used in reclamation of munic ipal wa tewater m 
treatment plant and i u ed to remo" e most type of ionic compounds. al l  mineral salt . 
hydroly zed reactive dye and chemical auxi l iarie . Al ike F. RO i " ery sen it ive to 
fouling and the influent tream must be careful ly pretreated. The smaller the pore size of 
the RO. the higher the operating pressure, the capital in estment and the operating costs 
(Kent. Farahbaksh. Mahendran, laklewicz. L iss & Zhou. 20 1 1 ;  Babu. Parande. Raghu, 
& Kumar. 2007: aveed. BhattL & Al i ,  2006) .  
1 .... . 1 A  Coagu lat ion-Floccu lat ion and P rec ip i tat ion  
Coagulat ion i s  one of the main tec1mologies used in  wastewater treatment. I t  is a 
complex phenomenon which involves several inter-re lated parameters. Therefore. it i 
\ ery critical to state how wel l  a coagulant wi l l  function. Basical l y, in  this process smal l 
particles are converted into larger aggregates ( floes)  and previously dissolved organic 
matter adsorbs onto the particulate aggregates. Hence. these impurities can be removed 
in consequent sedimentation/flotation and fi ltrat ion steps. The coagulation method 
contains three consecutive steps: coagulant fonnation. col loid/particle destabi l ization 
and part ic le aggregation. After adding treatment chemicals, the coagulant fonnation and 
colloid/particle destabi l ization can be promoted in a fast-mixing stage. Afterwards, 
part ic le aggregation (floc formation) is promoted in a flocculation stage, where 
interparticle col l isions create large floc particles amenable to separation from the treated 
\\<ater. I n  water and waste-water treatment practice, the temlS 'Coagulation' is used to 
describe the in itial process whereby the original colloid dispersion is destabi l i zed , 
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mostl) b) charge neutral izat ion and the term ' Flocculation' de cribe the ub equent 
process \\ hereby the destabi l i  d col loids in the micron and ub-micron lze range 
undergo aggregation and part ic le gro\\th into mi l l im eter-sized floc . ince the 
coagulation stage. and the earl) phase of the flocculation. occur very rapidly. their 
d istinction in  a practical treatment en e has very sl ight meaning (Zouboul i . 10us a . 
& Va i l akou. 2008: J iang & Graham. 1 998:  Verma. Da h. & Bhunia. 20 1 2 ) .  
1 04. 1 .4. 1 E Jectrocoagula t ion  
Electrocoagulation ( EC )  i s  an electrochemical technique related to chemical 
coagulation. It involves the suppl of coagulant ions (AI3+. Fe3). Coagulant ions are 
produced by an electric current to a sacrificial  anode which is placed into a process tank. 
The features of the part ic le aggregates ( floes )  generated during the electrocoagulation 
process d iffer dranlatical l  from those generated by chemical coagulation. Therefore. 
floes generated in an electrocoagulation process has less bound water and more shear 
resistance and are more readi ly  fi lterable. Additional advantages of electrocoagulation 
over chemical coagulation are : the amount of chemicals needed is  lower, the sal in i ty of 
the wastewater does not increase and the economic cost for the treatment i s  also lower. 
Furthermore, the gas bubbles generated at the cathode can contribute to the flotation of 
the floes. which can be easi ly recovered. F inal ly.  at the end of the process the generated 
sludge is separated by fi ltration (Chen, 2004; Mol lah, Morkovsky, Gomes. Kesmez. 
Parga, & Cocke, 2004) EC has been appl ied to treat wastewaters contain ing food waste 
( Hanafi. Assobhei & Mountadar. 20 1 0).  dyes ( Martinez-Huit le & Bril las .  2009 ) .  oi l .  
suspended part ic les. etc . ( Xu, & Zhu. 2004; Can, Kobya, Demirbas, & Bayranloglu. 
2006: Canizares. Martinez. Rodrigo. J imenez. aez. & Lobato. 2008:  Canizare . 
Martinez. Rodrigo. J imenez. aez. & Lobato. 2008 )  
1 04 .2 Cbem ica l t reatment  
1 04.2 . 1  I rrad iat ion 
The irradiation treatment i s  a proml smg technology to e l inlinate organic 
contaminant . and di  infect harmful microorganism usmg gamma ra s or electron 
b am and electron beam accelerators are more uitable for versati l ity and lower costs . 
A high quantity of d issolved oxygen is  required for an organic dye to be 
effectively broken down by irradiation. The dissolved oxygen is consumed very rapidly 
and 0 a constant and adequate suppl is required. Di ssolved oxygen is required to 
break down the effluents by i rradiation . So. a regular and sufficient supply of oxygen 
is necessary. This proces is vel' important for sanitary engineering (Borrely. Cruz, Del 
Mastro. San1pa. & Somessari , 1 998;  Dascalu, Acosta-Ort iz. Ortiz-Morales. & Compean. 
2000) .  
1 .4.2.2 Oxidative p rocesses 
Chemical oxidation represents the transformation of pol lutants by chemical 
oxidation agents. The modem texti le dyes are resistant to mi ld  oxidation conditions such 
as those exist ing in biological treatment systems .  Therefore. efficient dye and colour 
removal must be accompl ished by more powerful oxidising agents such as chlorines, 
ozone. Fenton reagents. UV /peroxide. UV /ozone, or other oxidi sing procedures or 
combinations ( Guomin, Guoping. 1ei. & Yongjian .  2009: Kepa. tanczyk- lazanek. 
& tepniak. 2008). 
1 .4 .2.2 . 1  Oxidat ive Proce e , ith Hyd rogen Peroxide 
Peroxidases treatment can decolorize of a wide spectrum aromatic dyes from 
pol luted water. Advanced oxidation processes are involved in the preparation of 
hydroxyl radical (Glaze, Kang, & Chapin, 1 987) .  Peroxidases can catalyze 
degradation/transformation of aromatic dyes either by precipitation or by opening the 
aromatic  ring tructure. Also. peroxidases have been employed for the remediation of 
commercial dyes. Dyes were decolorized by the action of peroxidases in the presence of 
redox mediators ( Husain. 20 1 0) .  It was repor1ed that the H202/03 was used to remove 
cyanide contamination from drinking water ( . Herney-Ramirez, & Madeira. 20 1 0) 
1 .4 .2 .2.2 Ozon at ion P rocess 
Ozonation can cause significant resolubi l i zation of precipitated dyes. Complete 
removal of dye prec ipitate should be accompl ished prior to treatment of wastewater via 
ozonation. Nevertheless, the decolorization of seven common text i le  dyes by the 
ozonation process has been reported. H igher gas-phase ozone concentrations lead to 
higher decolorization rates due to more rapid ozone transfer. In general ,  a greater ozone 
uti l ization efficiency was achieved at lower pH levels .  Where direct ozone reactions 
predominate ( Adams, & Gorg, 2002) .  The main advantage of using ozone in  water 
treatment is that ozone can be appl ied i n  its gaseous state and therefore does not increase 
the volume of the wastewater and s ludge. A disadvantage of ozonation is its short half-
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l i fe .  t) pical J )  being 20 mm. the destabi l i  ation by the pre ence of salt . pH, and 
temperature. and the additional costs for the instal lation of ozonation plant (Venkate h. 
Quaff. Pandey. & Venkatesh. 20 1 4) .  
1 .4.2.2.3 Oxidat ion Proce w i t h  Sod ium Hypoch lorite 
This  treatment implies the attack at the amino group of the dye molecule b CI-. 
initiating and accelerat ing azo-bond clea age. An increa e of chlorine concentration 
favors the dye removal and decolorization process. a does the decrease of pH of the 
med ium. Dyes containing amino or substituted amino groups on a naphthalene ring ( i .e . .  
dyes derived from aminonaphtol - and naphtylamino-sulphonic acids) are most 
suscept ible to chlorine decolorization ( Omura, 1 994; Hamada, N ishizawa, Yoshida, & 
Mitsuish i .  1 998) .  This treatment i s  unsuitable for di spersive dyes, and is  becoming less 
frequentl used due to the negative effects of releasing toxic aromatic amines into 
watercourses (Slokar, & Le Marechal. 1 998) .  
1 .4.2.2.4 Photochemica l  Oxidat ion  P rocess 
The combination of H202iUV constitutes an attractive process for the oxidat ive 
degradation of organic pollutants d issolved in  aqueous systems. The use of hydrogen 
peroxide as an oxidant has great advantages in contrast to other methods of chemical or 
photochemical water treatment. The oxidant is commercial ly avai labile, thermal ly stable 
and has infinite solub i l i ty in  water. Moreover, there are no mass transfer problems as 
seen with gases. Two hydroxyl radicals are formed for each molecule of H202 
photolyzed. However. there are also obstacles encountered with the H202iUV process. 
The rate of chemical oxidation of the contaminant i l imited by the rate of format ion of 
h) drox) I radical . a re ult. the smal l ab orpt ion cross ection of H20:! at � = _5� nm 
i found to be a real di advantage. e pecial ly. when the organic ubstrate wi l l  act a 
inner l ight fi lter . Reactive hydroxyl radical are the main disadvantage of all oxidative 
degradat ion processes ( Legrini .  Ol iveros. & Braun. 1 993 :  Drogui, E lmaleh. Rumeau. 
Bernard. & Rambaud. 200 1 ) . 
1 .4.2.2.5 E lectrochemica l  Oxidat ion P roce 
The electrochemical treatment of dye-containing effluents i s  a promlSlng 
technique (Charoen rio Kobayashi ,  Kimura & I h i i .  2006) .  This techn ique offers an 
alternative solution to many environmental problems in  the proce s industry, because 
electrons provide a ver ati le. effic ient. cost-effecti e. eas i ly  automatable, safe and c lean 
reagent (Contaminant. 20 1 4 ; aratale. Saratale. Parshetti ,  Chang, & Govindwar. 2009). 
1 .4.3 B iological Treatment  
There are different biological treatments, performed under aerobic or anaerobic 
or combined anaerobic/aerobic conditions. The processing. qual ity. adaptabil ity of 
microorganisms, and the reactor type are key parameters for removal efficiency 
( Reemtsma. & Jekel 2006; Cardenas-Robles, Martinez. Rendon-Alcantar, Frontana, & 
Gonzalez-Gutierrez, 20 1 3 ) .  Biological treatment systems can be used in combination 
with chemical processes. 
1 . 5. Act ivated Ca rbon a orpt ion M aterial in Ad orption Proce e 
ctivat d carbons are the most versati le and frequently  used ad orbent , and 
acti\ ated carbons are widel u ed for purifying contaminated \vater. Their large internal 
urface area and pore volume, their abi l i ty to adsorb mo t dye pol lutant and the 10\�; 
cost a sociated \\- ith them make activated carbon one of the most practical adsorbent 
Al though carbon materials, e pecial ly carbon nanomaterials, can be synthesized b) 
decomposition of alkanes and cyc10alkanes ( I smadj L & Bhatia, 200 1 ) or by using 
aCet) lene a the carbon source ( Ramon. Gupta, Corbet Ferrer. Movva. Carpenter. & 
Banerjee. 20 1 1 :  Kani .  Kasi .  Bokhari . & Afzulpurkar, 20 1 3) .  the usual ource of 
acti\ ated carbon are l ignocel lu lose containing organisms (Nor. Lau. Lee. & Mohamed. 
20 1 3) .  Activated carbons derived from different plant sources have been used for the 
removal of dyes from wa tewater. Some of these sources are agricultural wastes. A 
typical such source i s  bagasse. which i s  an agricultural/industrial by-product produced in  
large amounts by sugarcane mi l ls .  Bagasse i s  a cost-effective material and it has an 
i nherent abi l ity to adsorb waste chemicals such as dyes from aqueous systems ( Singh & 
Tiwari, 200 1 ) . 
Removal of dyestuff from aqueous solutions usmg bagasse was studied 
extensively ( Duri . McKay. Geundi ,  & Wahab, 1 990; Nassar, & EI -GeundL 1 99 1 ; 
McKay. E I-Geundi ,  & Nassar, 1 997). Bagasse fly ash has also been used for the removal 
of colorants and dissol ed organics from sugar mi l l  effluent ( Mal l ,  Mishra, & Mislu·a. 
1 994 : Kattri , & Singh. 1 999) .  Appl ied bagasse as an adsorbent for the removal of 
malachite green from aqueous solutions. Monolayer adsorption of malachite green at 
alkal ine pH was ob ef\ ed a bagas e contains \ariou oxide and hydrox) lated peCle 
on the surface ( ing, & Tiwari . 200 1 ) . All the e tudies prove the uti l i zation of a \Va te 
to treat another wa  teo 
Other agricultural \\ aste substrates for activated carbon that have b en u ed are 
neem leaf pow der. wh at straw. com-cob, tree bark, rice husk. coconut she l l  powder. 
and ground sunflower seed shel ls .  The activated carbons derived from the above have 
been u ed for the removal of dyes and organic colored matter from effluents 
( Bhattacharyya, & arma. 2003;  igam. Armour. Banat, Singh, & Marchant, 2000: 
Anjaneyulu, & Hima Bindu. 200 1 b: Cazetta. Vargas. ogmTI l , Kunita. Guilhenne. 
Martins, & Almeida, 20 1 1 ) .  
Mixed adsorbent (oxygenated coconut shel l  act ivated carbon-fly ash-china c lay ) 
has been found to be very effective for the removal of basic dyes such as bri l l iant bl ue 
( BB 69) and bri l l iant red ( BR 2 2 )  from industrial effluents (Anj aneyulu .  & Hima B indu. 
200 1 b). Maximum removal of dye (98%) was achieved with mixed adsorbent assar & 
EI -Geundi. 1 99 1 ;  Raghavacharya, 1 997;  Anjaneyulu, Chary, & Raj . 2005) .  The removal 
of colour from combined pulp and paper mi l l  effluent using bamboo dust carbon was 
found to be very effective at 99% at pH<7 and 3 . 1 gil carbon dose with 2 h contact t ime 
(Bhattacharyya. & Samla. 1 997).  
Zhang and Chuang ( 200 1 ) reported that in  their study that activated carbon 
removed colour effluents from a Kraft pulp mi l l  at high pH.  I t  was also observed that 
adsorption capacity of activated carbon is twice that of fly ash. It was suggested that 
powdered activated carbon could be used as an adsorbent for the pre-treatment for 
sub quent biological proces es. ,,,hich resulted in  an increased BOD:; COD ratio 
besides remo\ ing color-cau ing organic  ( Alm. Chang & Yoon. 1 999) .  d orpt ion on to 
aCl i\ aled carbon cloth ( C ) can be used as an al ternative remediation water with 
re idual color and low molecular weight dye . which were found to be \\-'el l ad orbed 
onto ACC ( Pignon. Bra quet. & Le Cloirec. �OOO; Babic .  Mi lonj ic. Polovina. & 
Kaludierovic. 1 999).  
1 .6 Pu rpose and cope of Th is Work 
In  eyery country. the economy plays a vi tal role. o. i f  one would l ike to u e 
ad orbent for effluent treatment. then one would need to find out low-cost adsorbents. 
\\ here materials that would find l ittle use otherwise would be best . 
The Arabian Peninsula as an arid region has l imited sources of thus far non-used 
agricultural wa tes. One such non-used agricultural aste are date palm leaves. Date 
palms belong to the fami ly Palmae. of genus Phoenix, species dactylifera.  Mainly. they 
are grown in the Gulf States and on the Mediterranean coast. Phoenix daclyl(fera has 
been cult ivated since prehistoric times in most of the Gulf, South-Asian and African 
countries. There are currently over 44 mi l l ion date palms i n  the United Arab Emirates 
(UAE) that can be grouped into 1 99 different varieties, of which 8 . 5  mi l l ion are in the 
Al Ain region. Together. they produce � 1 mi l l ion tons of palm leaves annual ly, as 
agricultural waste. The common practice to get rid of these wastes is by burning, which 
causes a potential pol lution impact on the environment. The date palm leaves (Phoenix 
dactylifera) as plant material possess cel lulose ( 3 3 . 5%), hemicel lulose (26%) and l ignin 
(27%). as main components ( Bendahou, Dufresne, Kaddami & Habibi. 2007 ).  So, the 
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date palm leaflet can be u ed in the preparation of act ivated carbons for the remo\ al of 
dyes. 
While the nited Arab Emirates doe not have a very significant texti le or 
leather industry, i t  i sti l l  of interest for the ni ted Arab Emirates to develop the 
technology in thi area and export thi technique to other regions. 
The aims of the work underlying thi thesi are : 
• To prepare activated carbons ( using d ifferent acti ation methods) 
from date palm leaflets and uti l i ze the carbons to adsorb dye from aqueou 
olutions. 
• To characterize the prepared activated carbon CAe ) b avai lable 
techniques (eg. by SEM, BET, FT- IR,  TGA ). 
• To carry out sorption tudies of di fferent types of dyes on the 
prepared activated carbons 
i . )  i n  batch experiments 
i i . ) in dynamic  experiments ( continuous flow experiment) 
• To model the sorpt ion process 
• To recycle the sorbent material and regenerate the spent adsorbent 
to be used in further cycles of adsorption . 
Chapter 2 :  M ethod 
2. 1 Preparation of Ad orbent 
• 'atural l)  col lected date palm leaflets from the nited Arab Emirates niver i ty 
Campu at Magam, AI in.  Abu Dhabi . were cut into small pieces, and were \Va hed 8-
1 0  times with deion ized water and air-dried for 24 h .  The dried small pieces were 
oaked either in 25% (w/w) H2 O-t, 5M HN03. 1 0M HN03. 1 5 M HN03 or 5M H3PO�, 
1 0M H3PO-t for 24 hours. The mixture was fi ltered u ing a porcelain Buchner funnel 
under \ acuurn .  For carbonization. the impregnated leave were washed with dist i l led 
\\.ater 8- 1 0  t imes and were then kept in  an oven ( CARBOLITE) for 24 h at 250°C ± 1 °C 
for the HN03 and H3P04 impregnated lea es and for 5h, 1 0. 1 5 . 20, 24 h at 250°C ± 1 °C 
for the H2SO-t impregnated leaves. 
The activated carbon was al lowed to cool to room temperature and repeatedl 
\Va hed with deionized water and 1 % ag. NaHC03, respectively, unti l  the pH of the 
supernatants remained constant at around pH 6 .0 (pH-meter Orion 4 1 0  A+) .  Then. the 
obtained activated carbon was dried at 40 - 45 °C for 2 h to remove residual moisture. 
ground and sieved by standard steel meshes (Laboratory Test Sieves from Endecotts :  
apertures : 7 1 0  Jilll, 425 Jilll, 300 Jilll) to select particles between 300 j.1m and 425 ,Lim in 
lze. 
The carbon was then stored in  dry. c lean and well c losed polyethylene bottles for 
further use. Infrared spectra ( himadzu I RPrestige 2 1  FT-IT spectrometer, measured as 
KBr pel lets) were taken for the carbons activated at d ifferent temperatures. The weight­
loss of the carbons was detennined . The pH values of the activated carbon in  deionized 
26 
water \\ ere mea ured. The urface area of the acti \ ated carbon wa e timated from 
ab orpt Jon i thenn . 
2.2 o rbatc 
1 \\ 0 dye . namel )  r �  tal iolet (C ) and i le  Blu B ). were u d in the e 
tudic a t\\O ingle component ( Fig.  7&8) re pect i \ e Jy of V and B. 
F igure 7 :  Chemica l  tructure of Crystal V iolet (CV) 
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F igure 8 :  Chemical structure of B 
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F igure 9 :  Ab orbance of crystal v iolet (CV) at  A = 590nm (30  ppm CV). spectrum measured on 
a Cary 50 Conc.  VARIA UV-V I S  pectrophotometer in water 
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Figure 1 0 : Absorbance ofN B  at A = 635 nm (40 ppm N B ), spectrum measured on a Cary 50  
Conc. V AR lA  UV -V IS  spectrophotometer in  water. 
2 .3 Preparat ion of  the  D. e o lu t ion  
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tock 1 ution of dye ( V. B.  1 000 ppm ) was prepared by d issolving 1 g of 
dye in  di t i l led v,'ater and then making the volume up to 1 000mL with water. I t  wa 
tored in a \ olumetric fla k for making other di lute o lutions. amples of d ifferent d 'e 
concentration were prepared by d i lut ion from the stock olution. T pical ly,  solution of 
5 ppm. 1 0  ppm. 1 5  ppm. 20 ppm. 25  ppm. 3 0  ppm. 3 5  ppm. 40 ppm, 45 ppm, 50  ppm 
( for V )  and of 5 ppm. 1 0  ppm. 1 5  ppm. 20 ppm. 25 ppm. 30 ppm. 3 5  ppm. 40 ppm, 45 
ppm. 50 ppm. 75 ppm and 1 00 ppm ( for B) were prepared. These solutions were used 
for con tructing cal ibration curve and for k inetic and equi l ibrium studies .  
2A. K i n et ic  a n d  E q u i l ibr ium Stud ies 
2A. 1 Batch E x peri m ent s  
The a se  sment of a sol id- l iquid adsorption ystem is  usua l ly based on two types 
of i nvestigat ions:  batch adsorption tests and dynamic continuous-flow adsorption 
studie . 
Batch studies u e the fact that the ad orption phenomenon at the sol id/ l iquid 
interface leads to a change in  the concentrat ion of the adsorbate ( ie . ,  the dye to be 
studied) in the solution. Adsorption isotherms are constructed by measuring the 
concentration of adsorbate ( dye) in the medium before and after adsorption. at a fixed 
temperature. For this .  in general .  adsorption data inc luding equi l ibrium and k inetic 
studies are performed using standard procedures consist ing of mix ing a fixed volume of 
dye solution with a known amount of adsorbent ( i .e .  of activated carbon)  under 
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control led condition of contact time. agitation rate. temperature and pH . At 
predetemlined t ime . the re idual concentration of the dye detennined by 
spectrophotometf) u tng the maxlmunl absorpt ion wavelength of the dye. Dye 
concentration 111 olution can be estimated quantitatively. general ly according to 
Lamb rt-Beer la'v\ ( which de cribe the l inear relation between l ight absorbance and 
cone ntrat ion of l ight-ab orbing material : A = £ 1 c, where A = absorbance. c = 
concentration of the l ight ab orbing material. and 1 = length of the pathway of l ight 
thr ugh the l ight absorbing material ) .  using l inear regre ion equations obtained by 
plotting a cal ibration curve for each dye over a range of concentrations. The adsorption 
capacity (ad orption uptake rate) i s  then calculated and is  usual ly expressed i n  
mi l l igram of dye adsorbed per gram of the adsorbent. For example, the amount of dye 
ad orbed at equi l ibrium. Qe. i calculated from the mass balance equation given by Eq. 1 
Where Co and Ce ( in mglL ) are tbe init ial and equ i l ibrium dye concentrations, 
respectively .  r ( L )  is the volume of dye solution and m is the mass of the dry adsorbent 
( in grams) .  
The equ i l ibrium relationship between adsorbate in  solution and adsorbed 
material is a fundamental characteristic of i nterest for the design of adsorption systems 
and can be described by adsorption i sothemls. using d ifferent adsorpt ion models  
avai lable .  The equi l ibrium adsorption i sothenn gives an idea of the capacity of the 
adsorbent for the specific adsorbate under study. I n  the l iterature. batch methods are 
widely used to describe the adsorption capacity and the adsorption kinetics. These 
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proce e are cheap and imple to con truct and. consequently. often favoured in mal l ­
and medium- ize proce appl icat ion . using impl and readi l  avai lable mixing tank 
equipment. impl ic i ty. wel l -e tabl i  hed e. perimental method . and ea i l )' interpretable 
re ult  are ome of the important rea on fr quently e oked for the exten ive usage of 
the e method . Another intere t ing advantage i the fact that in batch ystems, the 
parameter of the olution uch a ad orbent concentration, pH, ionic strength, and 
temperature can be control led and/or adj u ted ( Crini .  & Badot, 2008) .  
I n  thi thesis, ad orption equi l ibrium studies were perfom1ed by adding a fixed 
amount of activated carbon to a fixed volume of an aq. o lut ion of CV and NB dye at 
d ifferent i nit ial concentrat ions. The samples, contained in glass beakers. were agitated at 
d ifferent temperatures for a determined period in a shaker ( LA B-LINE ORBIT 
ENVI RO - HAKER) .  The ad orbent was then separated us ing a BECKMAN model 
TJ-6 centrifuge at 5000 rpm. The adsorbence of the supematant dye was measured using 
a Cary 50 Cone. VARIA spectrophotometer. 
2A.2 Dy n a m ic Adsorpt ion Stud ies 
The performance of fixed-bed adsorpt ion was complemented by dynamic 
studies. The efficiency of adsorbent material s for removing adsorbate from waste water 
of larger quantity can be studied with a dynamic  adsorpt ion system using a fixed-bed 
column loaded with adsorbent. From this study. we can determine the breakthrough and 
the running t ime of the column ( before exhaust ion) of the column. The breakthrough 
curves show the loading behavior of adsorbates to be removed, and is usual ly expressed 
in terms of adsorbed concentrat ion (Cad) ,  i nlet concentration ( Co), outlet concentration 
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I ) or normal iz  d concentration of the ad orbate. defined a the ratio of outlet 
c ncentration to in let concentration eCI/Co) a a function of time or volume of effluent 
for a g i\  en bed height. 
The de i red breakthrough concentrat ion wa determined as 1 0% of the inlet 
concentration. and the tim required to reach the breakthrough point i s  defined as the 
breakthrough time. From the integration of the area under the breakthrough curve, using 
b) eq . xx.  we obtain the total capacity (qlolal ) : 
QAc Q ft=tcocal C d - - t qtotal - 1 000 - 1 000 t=O  ad ( 2 )  
Where Q i s  the volumetric flow rate ( mUmin)  and Itotal i s  the total flow time 
(min )  unt i l  breakthrough. The equi l ibrium bed capacity (qeq) i s  deri ed as the total 
quantity adsorbed (qtotal ) per weight of adsorbent (W.  in g ) :  
I n  thi thesis, the dynamic  adsorption studies were conducted i n  a stain less steel 
adsorption column. with an inner d iameter of 0.4 ( cm)  and 1 4  ( cm)  in height. At the 
bottom of the column. a stain Jess sieve was attached, fol lowed by a layer of glass beads 
(0 . 5  g) .  Above the activated carbon was placed cotton and above that again glass beads 
(0 .5  g) to weigh down the assemblage. The influent was pumped from the bottom 
through the column  to avoid channel l ing due to gravity .  The effluent was col lected at 
regular t ime intervals and the concentrat ion of dye i n  the effluent was measured by UV-
'pectrophotometr) ( ar, 50 Conc. V ARI pectrophotometer) .  A P ristaltic 
pump ( MA TERFLEX CIL from Call Panner) wa u ed with a flow rate of 0 .88  
m llmin.  The flow rate \\ a mea ured periodical ly to  maintain the de  i red flow rate 
during th experiment The experiment were perfonned at room temperature. 
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Chapter 3 :  Results and Discus IOn 
3. 1 Preparat ion of Act ivated C a rbon from Date Pa lm Leave 
To prepare the activated carbon, the date palm leaves (dried. washed. dried and 
cut)  were immer ed in aq. mineral acids. After a given amount of t ime the aqueou 
solution � a  decanted and the remaining ol id material was fi l tered off using a Buchner 
porcelain funnel or a k itchen me h. The derived biomass \ as coarse enough to use these 
filter . intered glass filters tended to c log. I n  the case of impregnat ion with H:!  0-1 and 
HN03 of higher concentration ( 1 8  M H:!SO .. and 1 5 .6 M HN03) the treated leaves lost 
al l  consi tency and could not be fi ltered off. The fi ltered. impregnated leaf mass was 
\\ a hed d i l igent ly  \vith dist i l led \vater ( 8 - 1 0  t imes) .  Then, the leaves were transferred 
i nto a large gJa s beaker and heated in an oven at 250 °C. 
To study the effect of heat ing time. the weight of activated carbon \ as recorded 
at d ifferent i ntervals at 250°C for H:!SO .. impregnat ion. The heating t ime \ as 5h,  1 0h ,  
1 5  h and 25 h. respecti e l  . The percentage of weight loss increased with the increase of 
heating t ime .  The resul t  showed that the percentage of weight loss of AC increased with 
time. from 1 4  % after 5h to 67% after 25  h (Table 3, Fig 1 1 ) . I nteresti ngly, the weight 
loss s ign ificantly  increases after 20h. Thi s may be due to in it ial oxidation and 
functional ization of the carbon and subsequent rapid bum-off. Nevertheless, it must be 
noted that the adsorption capaci ty of the activated carbon heated at t imes less than 20h is  
less than the acti ated carbon heated for 25h .  i ndicating that the bum-off might open 
pores on the carbon surface. 
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The arne cenano wa seen for carbons impregnated with HNO) acid of 
di ffer nt molarity. Weight 10 al 0 increa ed with increa ing molarity of the acid u ed 
ft r impregnation. The weight 10 increa ed from 52% with 5 M  HNO) to 72% with 
1 5 .6M HNOJ (Table 4. Fig 1 2 ) .  
h content determination of the leave and th acti vated carbons was carried 
out be heating the amples for 24h. The ash content of the lea es was found to be 
1 6 . 5wO o .  Th a h content of C-H2 04 wa found to be 25 .2w%. 
Activat ion Contact t ime S ize of AC Name of 
method ( h )  ( /-lm )  Activated 
Carbon 
H2SO4 24 <300 AC-H2S04 
HNO) 300 AC-HNOJ 
H3P04 425 AC-H3P04 
7 1 0  
Temperature 
( oC )  
250 
Table :2:  List of activat ion methods used with the labe l l ing of the activated carbons, 
subsequent ly  u ed throughout the text 
Time ( h) Weight loss of leaves (%)  Activation method 
5 1 4 .2  H2SO4 
1 0  2 1 . 5 
1 5  24 .8 
20 34 .3  
25 67 
Table 3 :  Weight l oss of activated carbon with d ifferent contact t imes 
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Figure 1 1 : Weight 10 of act i \  ated carbon ersu activation t ime us ing 25v. % He O� 
Molarity ( M )  weight Activation Activation time (h )  
loss (%) method 
5 52  HN03 24 
1 0  66 
1 5 .6 7 1 .9 
3 5  
Table 4 :  Weight loss o f  A C  treated with HN03 of d ifferent molarity ( heated at 250 °C ) 
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F igure 1 2 : Weight loss of AC treated with HN03 of d ifferent molarity ( heated at 250 °C) 
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moJarit) for d ifferent w e ight 10 Acti  ation method 
ac id(M )  
4 .5 67 H�SO� 
] 0  66 HNO} 
1 0  3 5  HJPO� 
Table 5 :  Weight loss of AC treated with d ifferent types of acid 
Time (h )  removal effic iency % 
5 4 .2  
1 0  4 .2  
1 5  7 .6  
20 1 9 . 5  
24  48 
Table 6 :  E ffect of heat ing t ime (250 °C. with carbon impregnated wi th 25w% H2S04) on 
the adsorption capacity of  the neutral ized AC, measured as the removal efficiency (%) 
of crystal violet [CV] (25  ppm CV, 50  mg AC ) 
60 �-----------
50 
40 -'-----------f---
removal 
efficiency 3 0  
% 
20 
-+- removal +---------------�-------effic iency 
1 0  
o +I-----�------��----� 
o 1 0  20 3 0  
different heati ng t ime 
F igure 1 3 :  Effect of heat ing t ime (250 °C, w ith carbon impregnated with 25w% H}S04) on the 
adsorption capac ity of the neutra l i zed AC, measured as the removal effic iency (%) of crysta l 
v io let [CV] (25 ppm CV, 50 mg CV 50 mg AC).  
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To tud the effect of heating t ime on the adsorption capacity of the AC the 
equlibriul11 ad orption wa recorded for d ifferent heat ing time 's  interval . The 
percentage of removal efficiency i incr ased with the increa e of heating t ime (F ig  1 3 ) . 
The re ult hawed that percentage of removal efficiency increases from 4 . 1 % to 48% 
\\ ith increa ing the heat ing t ime from 5 h to 25 h .  
The activated carbon thus prepared were neutral ized with sodi um bicarbonate 
(2\\ 0 0 aq . aHC03 for C for 1 0M H3P04. ] 5 .6  M HN03 and I BM H2 Oy impregnated 
C. ] \\.0 0 aq. aHC03 for 25w% H2 04, 5M and 1 0  M HN03) .  
3 .2  Cha racte rizat ion of AC 
The d ifferently activated carbons were submitted to IR spectroscopy ( as KBr 
pel let ) .  All  carbon samples ho\ved a strong absorption in the region of 1 1 00 cm - I .  This 
absorption i s  very typical for activated carbons in  general and has been ascribed to either 
a C-O stretching vibration or to a S i -O vibrat ion. which may be due to inorganic 
i l icates in  the palm leaf ( and therefor activated carbon) sample .  In a l l  cases. we have a 
broad O-H stretching v ibration which may be part ial ly attributed to moisture, but 
partial ly also to OH groups that may be found on the surface of the carbon. In F ig  1 5  
and 1 6. but especial ly  in  Fig .  1 7  and 1 8 , we fi nd C-H stretching bands. Fig .  1 7  and 1 8  
show smal l bands 600 - 800. which may be attributed to in-plane and out-of-plane 
aromatic defom1ation v ibrations as wel l  as C H  bending modes. 
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Figure 1 4 : I R  -spectrum of AC-H2S04 ( 300 l.lIn ) 
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F igure 15 : I R  -spectrum of AC- H3PO� ( 300 )..lm )  
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Figure 1 6 : l R  - pectrum of AC-HN03 ( 300 /lm) 
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F igure 1 7 : I R-spectrum of AC-H3P04 (425 ).!m) 
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Figure 1 8 : I R-spectrum of AC-H 1P04 ( 7 1 0  flm )  
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The urface area wa determined for the activated carbon by Brunauer-Emmett-
Tel ler analysis BET (QUANTA C H ROME- OVA 1 000) .  The surface area (SBET) of 
H3P04 (a l l  425 JLI11 part ic le size), respectivel . This study shows a higher surface area 
for phosphoric acid treatment of date palm leaflets. 
3.3 Ad orpt ion S tud ies 
3.3. 1 I n t roduct ion 
For the adsorption studies, two dyes were chosen, namely crystal violet (CV) and 
i l e  b lue (NB) .  Crystal violet (CV)  is al so known as basic violet 3, gentian violet, and 
methyl violet l OB .  I ts ruPAC name IS - [4- [bis  [4-dimethylamino)-phenyl ] -
methylene] -2, 5 -cyc 1ohexadien- l -yl id ine] - -methylmethanaminiwn chloride (of the 
molecular formula C25H30N3Cl  and with the molecular wei ght 407 .98) .  It belongs to the 
4 1  
c Ia  of triar) I methane d) e . The ab orption max Imum is a t  ). = 589 - �94 nm in 
aqueou 01  ution . 
i used as a pH indicator ( y  l low [acidic]  to violet with the tran ition at a pH 
1 .6 ) .  In  the med ical community, it i the acti e ingredient in Gram 's  stain. and i 
emplo) ed a a bacterio tatic agent.  I t  pre" nts fungal grovvih in poultry feed (Al­
Kadhem & bbas, 20 1 3 ; L in & Chen. 1 995) .  rystal violet dye i s  also widely used in  
animal and veterinary m dic ine as  a biological stai n (Saeed. Sharif & Iqbal. 20 1 0) .  
CV i a typical  cationic dye and belongs t o  the c lass of triar 1 methane dyes, 
extensively appl ied for dyeing n lon, wooL s i lk .  leather. and cotton in texti le  industries. 
I t  al 0 find appl i cations in paints and printing ink ( Ma, Song, Pan. Cheng, Xin,  Wang. 
& Wang. 20 1 2 : 1 i ttal .  Mi ttal. Malviya. KauL & Gupta. 20 1 0 ) .  Crystal Violet is  hannful 
by  inhalation. ingestion and skin contact, and has also been found to cause cancer and 
severe eye i lTitation to human beings. It is poorly degraded as recalcitrant molecule by 
microbial enzymes, and can persist in a variety of environments. Only a few reports 
noted degradation of Crystal V iolet by m icrobial organisms. Crystal Violet (CV)  was 
found to be adsorbed uccessful ly  from water by montmori l lonite ( M MT)  and iron 
modi fied montmori l lonite ( MMT - Fe) has been used as a catalyst to degrade it  in a 
Fenton-type process. Adsorption of C rystal Violet (CV)  onto aOR modified rice husk 
( Chakraborty, Chowdhury, & Saha, 20 1 1 ) . Activated carbons derived from male flowers 
of the coconut tree, palm kernel fibers ( PK F )  , coniferous pine bark powder (CPBP) ,  
grapefrui t  peel (GFP) ,  bottom ash ( BA ), powdered mycel ial biomass of  
Ceriporialacerata P2, ac id-activated s intering process red mud ( ASRM),  a power plant 
v;aste. and de-oiled soya ( DOS)  were used to remove crystal violet ( Ahmad,2009; 
:'v1 ittal .  
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ittal .  Malviya, Kaur, & Gupta. 20 1 0 :  aeed. harif. & Iqbal .  20 1 0: 
enthi lkumaar, Kalaamani, & ubburaam, 2006: E l - ayed. 20 1 L Lin.  He. Han, Tian. & 
Hu. 20 1 1 ;  Zhang. Zhang. Guo, & Tian. 20 1 4 ) .  
The molecular formula of i le  B lue (9-(diethylamino)benzo [a]phenoxazin-5-
yl iden ] azani um ch loride) i C2oH2o I 30, and its molar mass i s  353 .845 g/mo\ .  i le  
blue i a fluore cent dye. It is u ed as a stain in biology and hi tology. It ha been u ed 
for fluore cence re onance energy tran fer ( FRET) studies ( MaliwaL Kusba, & 
Lakowicz, 1 995 :  Lakowicz, P i  zczek, & Kang, 200 1 ) . Also, this dye has been used to 
monitor ewnt which depend on solvent polarity ( Lee. Suh, & L i ,  2003;  Das. Jain, & 
Patel .  2004 ; Krihak, Murtagh, & hahriari . 1 997) .  i le  B lue tends to  have a higher 
affinity for cancerous cel l than healthy ones ( ikas. Foley, & Black,  200 1 ) and i t  i s  a 
photo ensitizer for ox gen ( Lin.  Shulok. Wong, Schanbacher, Cincotta, & Foley, 1 99 1 ). 
The e 1\\>"0 properties together can be useful in photodynamic therapy. However, two 
properties of i le B lue in aqueous media  are l imiting for many appl ications, specifical ly 
1 )  low solubi l ity and 2 )  low quantum yield. N i le b lue changes its color ( from blue to 
red) in  the region of pH 1 0 . 1  - 1 1 . 1 .  
Adsorption of Ni le  blue from aqueous sol utions usmg residue acid mixture 
obtained from d imethyl terephthalate d ist i l l ation residue, natural c lay, copolymers of 
acryl amide and mesaconic acid  (CAME ),  sulfonated phenol-formaldehyde resin, 
activated sludge. acrylamide-maleic acid  hydrogels have been studied ( Guc;:lU,  20 1 0; 
iy im.  & Guc;:lU, 2009; Drum, & Karadag, 2006; iyim, Acar, & bzgi.imu�, 2008; M ihara, 
I noue, & Yokota, 2005:  Saraydin,  Karadag, & Guven, 1 996) .  Another derivatives of 
' i le blue 
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i le  Blu sulphate. I t  wa adsorbed on alumina from aqueous solution 
( a leem. fzal .  ahmo d .  & Hameed. 1 994 ) .  
3.3.2 d orpt ion tud ie - Genera l  P roced u re 
t the beginning. the adsorption of both dyes CV and B were studied using al l 
t) pe of acti\'ated carbon produced above by adding a certain amount of AC to a 
solution of d) e ( 5 0  m L )  of d ifferent concentrations. The mixtures were haken using a 
L B-LrN E  ORBIT E V I RO - HAKER. Samples were taken at d ifferent intervals and 
the residual concentrat ion of dye in the upernatant. 
The fol lO\\;ing experiment were carried out with both dyes: 
3 .3 .2 . 1 Detem1ination of the effect of the dose of AC on the adsorpt ion 
3 .3 .2 .2  Determination of the effect of the init ial concentration of dye with a fi, ed 
do e of AC 
3 . 3 .2 .3  Comparison experiments using d ifferent ly acti  ated carbons ( ACs) 
3 . 3 .2 .4 Comparison experiments using activated carbons of d ifferent mesh size 
3 . 3 . 2 . 5  Detennination of the effect of the p H  of the so l ut ion on the ad orption of the 
dyes studied. 
3.3.2. 1  Deter mination of the Effect of the Dose of AC o n  the A dsorption ( Dye 
Removal Efficiency )  
First ly _  the effect of dosage o f  A C  o n  the dye removal from the aqueous 
solutions was studied .  The determination of AC dosage is  important because i t  
determines the effic iency of dye removal and may also be used to  predict the cost of AC 
per un i t  of sol ution to be treated. As expected, the effi ciency of dye removal increases 
ign i fjcant l�  a ad orbent do age increase . The effect of dose of ad orbent on the 
percentage removal of and B d e is shown in ( Fig .  1 9 ) .  The graph indicate that 
alI"ead) O. J g of C lead to 1 00% for C and 90% for B.  0.2 g of C lead to 
v irtual ly  quantitative removal of both CV and B ( 1 .25 mg [ 3 . 1 pmol ]  CV, 2 .25 mg 
[ 6.35  ,wnol ] NB) .  At thi point the adsorption is 6.25 mg CV per g of AC and 1 l .2 mg 
B p r g of AC. It \Va also noted that the time requi red to reach equi l ibrium decreased 
at high r do e of ad orbent. 
The p rcentage of d) e removal \\"a calculated using the fol lowing relationship :  
c - c  %Remaval  af dye = � x 100 (4)  
Co 
Where 0 and C are the init ial  and fmal (equi l ibrium) concentrations of the dye 
(mgL" ' ) ,  respectively.  
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F igure 1 9 : Effect of dose of adsorbent on the remo a l  effic iency of dyes (CV 50 m L  of 25 ppm 
solut ion, B 50  mL of 45 ppm solut ion ) 
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3.3.2.2 Determ in at ion of the  Effect of t he  I n i t ia l  Concentrat ion of Dye w i t h  a Fixed 
Do'e of  C 
h effect f ini  tial concentration of CV and B dye on the removal b C was 
studied a hown in ( Fig  20) .  The percentage removal of the dye was found to decrease 
with the increa e in init ial dye concentrat ion with a fixed AC dose. Thi indicates that 
there are lack of avai lable active ite required for the high ini tial concentration of CV 
and B.  From the graph. we obtain  that nitric acid  activated AC (300 Jim ) is more 
efficient in CV removal than u lfuric acid activated AC ( 300 Jim ) .  i l e  blue (NB)  is  more 
readi ly  remo\ ed than cfystal v iolet ( C V )  with u lfuric ac id acti ated AC ( 300 Jim ) .  An 
init ial calculation of the adsorption capaci ty of sulfuric acid activated AC (300 Jim ) fOf 
CV give 45 mg C V  / g AC. 
1 20 
1 00 
80 
-+- removaJ efficiency­
N B-H2S04 
Removal  0 
effic iencyVo> ____ �-----... _-removal effic iency­
40 
20 
o 
o 20 40 
dye concentration ( mgL- l )  
60 
CY-H2S04 
removal  effic iency­
CY-HN03 
Figure 20:  Effect of i n it ia l  concentration of dye w ith 50 mg AC and 50  mL dye so lut ion at pH 
5.2 (CY)  and at rt .  
3.3.2.3 C o m p a ri o n  Exper iment  ing  Differen t ly Activa ted Carbon (AC ) 
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The effect of d iffer nt activation method of on the ad orption of CV and 
1 B on wa tudi d further a hown in  ( Fig .  2 1 . 22) .  For this. 25 mL of aq .  olution 
of (_5  ppm) and B (40 ppm ) were contacted with 0.05 g AC (300 JlIll ).  Again. the 
highe t percentage remov al of both dye wa found with AC produced by the HN03 
( 1 5 .6  HN03) acti ation method [ s .  25% H2 O.t and 1 0 M H3PO .. treatment] .  The 
re ult how that the 95% of CV and 92% of B dye could be remo ed by HN03 
act i \  at d AC under the e conditions. On the other hand. onl 20% of CV and 33% B 
dye wa removed by H3P04 activated AC . The removal efficiency for both dyes with 
H2 O.t activated AC l ies in betv,reen HN03 and H3PO.:t treated ACs. The sorption 
equi l ibrium i reached much more quickly with B than with CV .  
1 20 
1 00 
80 
remo a l  60  
efficiency% 
40 
20 
0 
0 200 
t ime ( m i n )  
400 
-+-Qe-H3 P04 
_Qe-H2S04 
Qe-HN03 
F igure 2 1 : Effect of d ifferent AC act ivation methods on the removal effic iency of CV. co=25 
ppm, 0.05 g AC= 3 00flln 
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F igure _2 :  Effect of d ifferent C act i ar ion methods on the removal effic iency of B. co=40 
ppm, 0 .05 g AC= 3 00JllTI 
3.3.2 .... C o m p a rison E x perime n ts Us ing Act ivated Carbons of Different M e  h Size 
An i nvest igation on the effect of mesh ize « 300 ,urn. 300 ,urn, 425 ,urn and 7 1 0  
JI11.1 )  on the ad orption capac ity of the AC was carried out at 24°C,  pH 5 .23,  1 88 rpm 
shaking frequency, 0 .05 g of AC and 50 mL of d e solution (25  ppm CV and 40 ppm 
B ) .  
Mesh size o f  a n  adsorbent plays a very important role i n  the adsorption capac ity 
of the AC towards dyes. The relationship of adsorption capacity to mesh size depends 
on two criteria :  ( i )  the chemical structure of the dye molecule ( its ioruc charge) and its 
chemistry and ( i i )  the i ntrinsic characteristic  of the adsorbent ( ie. , its crystal l i nity and 
porosity) .  F ig .  23 and Fig.  24 show the effect of mesh size of H2S04 and HN03 
act ivated ACs on the adsorption of CV, where Ql i s  the t ime-dependent adsorption ( [mg] 
of adsorbate / [g] adsorbent at t ime [rD. I t  can be noted that the AC of the smal lest mesh 
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I ze how the greate t ad orption. mal l part ic le ized C IS expected to have the 
large t urface area for ad orpl ion. 
The increa in ad orption capacit with decreasing mesh size uggests that the 
d) preferentia l l )  adsorb on the outer surface and does not ful ly  penetrate the part ic le 
due to t ric hindrance of the large dye molecules. Nevertheles . the equi l ibirium is  
reached more quickly with maI ler size AC. so this may mean that some penetration 
occur . Fr m the effect of d iffer nt activation methods. we know that HN03 treated AC 
give the highe t adsorption of CY.  For till reason. the adsorption k inetics of CY on 
H:� 04- C and HN03-AC were also studied with AC of d ifferent sizes. From Figures 
26 and 28. we can see that the data fits better p eudo 2nd order k inetics overa l l  and that 
the rate con tant is i ncrea ing with decreasing particle size ( Tables 7. 8). Ne ertheless, it 
mu t be noted that at the i ni t ia l  stage of the adsorption. 1 st order kinetics may wel l 
operate. 
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Figure _3 : ffect of part ic le ize 011 t ime-dependent adsorpt ion (Or ) of CV \vith <300, 300.  425, 
7 1 0  ,urn AC-HN03 
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F igure 24: Effect of part ic le s i ze on t ime-dependent adsorpt ion Or of CV (25 ppm ) with <300, 
3 00, 425,  7 1 0 ).lm AC-H2S04 
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Figure 25 :  Effect of part ic le  s ize on t ime-dependent adsorpt ion Q, of B (40 ppm ) v. i th <300, 
3 00. 425, 7 1 0  l.lIn AC-HN03 
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Figure 26 :  Adsorpt ion fol low 2nd order k inet ics for 25 ppm CV on HNOrAC 
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Figure 27 :  I · t rder k inetics repre entat ion u ing ad orpt ion data for 25 ppm CV on HN03-AC 
I o. the ad orption of B on HN03-Ac was studied ( Fi g  28) and was found to 
fol lo\>, p eudo-2nd -order kinetics rather than 1 51 order k inetics ( Fig  29) ,  overal l (Table 7 ). 
Howe\'er. i t  cannot be excluded that in it ia l ly the adsorption fol lows 1 5\ order kinetics .  
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F igure 28 :  Adsorpt ion fol low 2nd order k i net ics for 40ppm B on HN03-AC 
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Figure 29: 1 SI order k i net ic  repre entat ion us ing adsorpt ion data for 40ppm NB on HNOrAC 
S ize dye Pseudo-fir t order Pseudo-2nd order 
of 
AC 
300).l CV Experimen Rate Theoretica R- Rate Theoret i- R-
m tal constant I constant cal 
adsorption ( K ] )  adsorption ( k2 ) adsorpt i -
capacity capaci t:) on 
(qe) (qe) capacity 
(qe) 
<300 1 2 .33 8 .52 x I 0--' 5 . 5834 0.8272 4.56X 1 0-- 1 2 .77 0.997 
).lm 
300 1 2 .03 8.75x l O-J 6.40 0.876 3 .7846x l O-j 1 2 .46 0.993 
).lm 
710 6.6787X I O- 1 . 59 0.466 0.0278 9 .58 0.999 
3 
).lm 
Table 7 :  Parameters for the adsorption of CV on H2SO,,-AC of d ifferent mesh sizes 
.., 
Size of d)e P eudo-first order P eudo-2n0 order 
A 
300�m NB Experimental Rate Theoretical R- Rate Theoret ical R-
adsorption con tant adsorpt ion con (ant adsorption 
capac i t) (qe) ( K d  capacity (k�) capacity (q )  
(qe) 
300 �m 37.94 5. 5272>.. 3 . 1 99 0 .5 1 8 .47x 1 0-J 38 .46 0.9999 
1 0-:1 23 
425 �m 35 .36 8 .52 1 1 x  7.268 0.79 3 .39x I 0-- 36.49 0.9997 
1 0-3 6 1  
7 10 �m 34.42 3 .6848x 2 .0488 0 . 57  0 .0 1 34 .72 0.9998 
1 0-3 46 
Table 8:  Parameters for the ad orpt ion of B on HN03-AC of different mesh s ize 
Size of dy e P eudo-fir t order Pseudo-2nd order 
C 
300�m CV Experiment Rate constant Theoret ic  R- Rate Theoret i R-
al ( K 1 )  al constant ca l  
adsorption adsorpt io ( k� ) ad orptio 
capac it) n capac ity n 
(qe )  (qe )  capac ity 
(q ) 
<300 �m 24.9 7 .8302x I 0-.! 3 .07  0 .758  0 .0 1 3  24.69 I 
300 �m 24  0 .0 1 3  9 .57  0 .7282 2.47X I O-.1 25 . 35  0.9998 
425 �m 24 0 .0 1 3 5 8  1 4 .368 0 .9946 1 .96x I 0-- 2 5 . 1 8  0.9983 
710 �m 20 0 .0 1 I 1 0.09 0.73 79 1 .3 5x  1 0-3 23 .47 0.996 1 
Table 9 :  Parameters for the adsorption of CV on HN03-AC of d ifferent mesh size 
3.3.2 .5 Determin at ion of  tbe  E ffect of t b e  p H  of the  o lu t ion o n  the  Ad orption of 
the Dye tu d ied 
5.+ 
The effi ct of the pH of the olution on the ad orpt ion of the d e on the act i\  ated 
carbon prepar d from date palm leave was examined under the fol lo\ ing conditions: 
at 25 DC,  an init ial concentration of 25 mg L -\  of V, and 0.05 g of ad orbent. The pH 
of the o lution vy'as adj u ted between pH 2 and pH 9 by adding either HN03 (6M)  or 
aOH ( 1  M )  olution. The p H  values of the olutions were measured using a pH-meter 
( Orion 9 1 06 B WP) .  Each sol ution was centrifuged at 300 rpm for 5 min before UV-
I measurement. The re idual concentration of the dye was determined as previously 
de cribed, and the amount of adsorbed dye was calculated using Eq. 1 (p. xx) .  The 
experimental re ul ts showed no significant variation in  the amount of solute ad orbed in 
the exami ned pH range ( Fig.  30 ) .  
Accord ing to  reported studies on the adsorption of  dyes with d ifferent chemical 
structures, the effect of pH on the solute uptake by activated carbons can be h ighly. 
moderately or s l ightly significant. The adsorption can be affected by changes i n  pH of 
the sol ut ion because this parameter affects the degree of ionization of the dye and the 
surface properties of the sorbents. 
For the d es used in this work, the results related to the pH dependence are 
apparently surpris ing. However. a plausible explanation of this behaviour may be the 
presence of both negatively and positively charged functional groups in the d e 
molecules. I ndependent of the orig in  of this insign ificant effect of the pH,  this finding is 
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quite meaningful in the ad orpt ion proce appl ication ince it makes a pH adj ustment of 
th e ffl uent before treatment unnece ary. 
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F igure 30 :  Effect of pH on CY 
3.4. 1 E q u i li b ri u m Stud ies 
3.4. 1 . 1  Langm u i r  Model  
The Langmuir theory i s  based on the assumption of the  adsorption leads to  a 
mono-layer without interaction among the adsorbate molecules .  The sorption takes place 
at specific sites within the adsorbent.  Each site retains one molecule of the given 
compound. The adsorbent has a fini te capaci ty for the adsorbate at equi l ibrium. A 
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aturat ion point i reached, \\'here no further ad orpt ion can occur. II site are identical 
and energet ical ly equi,alent. The ad orbent i tructural l y  homogeneou ( Kundu. & 
Gupta. 2006: azetta. Varga . ogami .  K unita, Gui lhem1e, Martins. & lmeida. 20 1 ] :  
Foo. & Hameed. 2 0 ]  0 :  L imousin .  Gaudet. Charlet, zenknect, Balihes. & Krimi sa, 
2007)  
The fol lov,ring transformation is  con idered : 
free ite + olute = urface complex 
The l inear form of Langmuir isotherm is usual ly written a 
The non-l inear fonn of Langmuir isotherm is expressed as : 
Q = QobCe ( 6 )  
e l +bCe 
Where Ce is the l iquid-pha e equi l ibrium concentrat ion (mg L- 1 ) of the adsorbate. 
Qe i the amount of adsorbate adsorbed at equi l ibrium ( mg g- I ) and Qm is the theoretical 
maximwn monolayer adsorbent capacity (mg g. I ) .  K, is  the Langmuire constant. Qm and 
K, are related to the adsorption efficiency and the energy of adsorption. They can be 
calculated from the l inear plot of ce/Qe versus Ce ( Sol iman. E l - aas. & Chaalal ,  20 1 3 ) .  
3 .... . 1 .2 F reu n d l ich  Model  
Freundlich i sotherm ( 1 932 )  i s  the most basic known model for multi layer 
adsorption. It l eads to an empirical equation which describes a heterogeneous system. 
This model is appl ied to adsorption on heterogeneous surfaces with an interaction 
between adsorbed molecules ( F  00. & Hameed, 20 1 0) 
The Freundl ich i sotherm i s  expressed by the fol lowing empirical equation : 
1 lnQe = lnKF + - I n Ce ( 7 )  
n 
Thi i the lin ar fonn of the Freundlich i otherm. 
Ther exists al 0 the non- l inear form of the Freundl ich i otherm, which can be 
expre ed a 
1 
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Where Qe = sol id phase equi l ibrium concentration (mg gO ' ) ,  Ce = l iquid-phase 
equi l ibrium concentration ( mg L- ' ) ,  and KF = the Freundl ich constant, with n giving an 
ind ication of the faci l ity with which the adsorption process takes place. KF ( mg g- ' ( L  mg-
' ) 1 11 ) i the ad orpt ion capacity of the ad orbent ( i .e . _  the adsorption coefficient or 
di tribution coefficient) and represents the quant it of dye adsorbed onto the activated 
adsorbant per unit of equi l ibrium concentration ( Zhang. Zhang, Fernandez, Menendez. 
iu. Pengo & Guo. 20 1 0) .  
A value of l in c lose to 1 represents a l inear relationship, whi l e  l in < 1 represents 
a non- l inear relationship .  The slope range of l in is a measure of the adsorpt ion intensity 
or surface heterogeneity. The surface heterogeneity i ncreases as l in approaches zero. 
A value for l in belo\ 1 indicates a Freundl ich i sotherm, while ] In above one i s  
i nd icative of cooperative adsorption ( F yt ianos, Voudrias, & Kokkal i s, 2000) .  Higher 
values denote that the system approaches a rectangular isotherm ( or i ITe ersible 
i sotherm), especial l y  when the value of n > 1 0  ( Table 1 0) ( Kurniawan. Sutiono, 
I ndraswati .  & Ismadj i ,  20 1 2 ) .  The KF constant can be regarded as the maximum 
adsorption capacity of the adsorbent only with a very large value of n. 
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The l inear plot of ce/Qe \ Ce ( Fig  32 )  how that the ad orption of CV on AC-
H:; 04 obey the Langmuir i otherm model for C . The experiments were al so carried 
out \\ ith - HN03 ( with V) ( Fig  34 )  and with C-H:; 04 with i l e  blue B) ( Fig 
3 7) .  The \'a lue of Qm and Kl were detelm ined for al l ad orbents from the intercept and 
lop of the l i near plot of ce/Qe . Ce ( Table .  I I ) . 
R2 value are indicati e of the actual deviation between the experimental points 
and the theoret ical ly predicted data point and in our case (with R2 greater than 0.94 for 
both AC-H2 04 and AC-HNOJ. ( Table 1 1 ) how a better correlation of the experimental 
data to the Langmuir model .  
n important parameter i the Langmuir dimensionless constant separation 
factor or equi l ibrium parameter. RL• which is  defined by the fol lowing equation : 
R - _1 _ (9 )  L - l+bCo 
Where Co is the i ni tial dye concentration in  mgL· 1 . The value of the separation 
factor RL i ndicates the nature of the adsorption process given below ( Tables 1 2 ) .  
In the present study. the values of RL ( Table 1 3 )  are observed to be i n  the range 
0- 1 .  indicating that the adsorption process is favorable for al l types of prepared activated 
carbons. But for B .  RL value almost zero which indicates that the adsorption process 
for B by AC ( H2S04) i s  i rreversible process. 
The n values i n  the Freundl ich equation were calculated as 3 . 3 5 897, 6 . 1 0 1 28 
and 2 . 1 45 for the adsorption of CV on AC( H 2S04 ) . AC(HN03 ) and B on AC 
( H2S04) .  respectively.  S ince the values of n l i e  between 1 and 1 0. this indicates a 
favorable  adsorption of AC ( Table 1 1 ) . 
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Figure 3 1 : Qe \ . Ce cun e for CY w ith AC-H2S04 (0 .05 g, 3 00 JlI11, pH 5 .2 ,  measured at A = 
590 nm)  
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F igure 32 :  Langmu i r  i sotherm for adsorption of CY on AC - H2S04 (0 .05 g 3 00 JlI11 pH 5 .2 ,  A 
= 590 nm) 
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F igur 3 3 :  Depict ion of the value \\ ith a Freund l ich i sothenn for the adsorption of CV on AC­
H2S04 
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Figure 3 4 :  Qe vs.  Ce curve for CV on AC-HN03 
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Figure 3 5 :  Langmu i r  i othenn fI r the ad orpt ion of CV (25  ppm) on AC-HN03 ( 300 ,um ) 
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Figure 36 :  Depiction of the values as a Freund l ich  i sotherm for the adsorpt ion of CV (25 ppm ) 
on AC-HN03 (300 ,um ) 
3 5  
30  
25  
_0 
Qe 1 5  -'-Qe 
1 0  
5 
0 
0 1 0  20 30 40 50 
Figure 37 :  Qe V S .  Ce  curve for the  adsorption of N B  on AC-H2SO.j 
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F igure 3 8 :  Langmu i r  i sothenn for the adsorption of B on AC-H2S04 
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Figure 39 :  Depiction of the values for the adsorpt ion of NB on AC-H2 04 as a Freundl ich 
i sothelm 
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S lope of the Freundl ich i sothelm Nature of adsorption process of Freundl ich 
( l in )  model 
l In below 1 Normal Freundl ich i sotherm 
1 In aboye 1 Co-operat ive adsorption 
l in close to zero System is more heterogeneous ( i rreversible 
system )  
Table 1 0 : The nature o f  the adsorption process according to the value o f  l in 
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Figure 39 :  Depict ion of the al ues for the adsorpt ion of B on AC-H2S04 as a Freund l ich 
i otherm 
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Table 1 0 : The nature of the adsorption process according to the value of l in 
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Fioure 39 :  Depiction of the val ues for the adsorpt ion of N B  on AC-HJS04 as a Freund l ich 
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S lope of the Freundl ich i sotheml Nature of adsorption process of Freundl ich 
( l in )  model 
1 In below 1 Normal Freund l ich i sotherm 
l in above 1 Co-operative adsorption 
l in c lose to zero System is more heterogeneous ( ilTeversible 
system) 
Table 1 0 : The nature of the adsorption process according to the value of 1 In 
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Langmuir constant Freundl ich con tants 
Langmuir Langmuir R- Freundl ic l in n val ues of RL 
con tan! con tant h Freundl ich 
( Qm)  ( Kd con tant 
(KF) 
AC-H2S04 1 6 .66 1 .42 0 .992 8 .77  0.2977 3 . 35897 0.6623 
for C 
AC-HN03 49.50 5 .459 0 .997 39.967 0. 1 639 6. 1 0 1 28 0.6 1 85 
for CY 
AC-H2 04 46.296 343 .44 0 .839 8 .629785 0.466 1 2 . 1 45 0 .8 1 52 
for B 
Table 1 1 :  Langmuir and Freundl ich adsorption constants for CY adsorption on AC-
RL Yalue 
H2  04 and AC-HN03 and for NB on AC-H2SO.J 
Nature of adsorption process US1l1g the 
Langmuir  model 
unfavorable 
l i near 
Favorable 
I rreversible 
Table 1 2 : Meaning of the Langmuir d imensionless constant separation factor or 
equi l ibrium paranleter (RL) for the adsorption process 
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Dye Separation Separat ion Separation 
concentration(CV)  factor( Langmuir) - factor( Langmuir)  - factor( Langmuir) -
RL ( H2 04 ) [or CV RL- ( HN03 ) RL- ( HN03) 
For CV For B 
5 0 . 1 23 5 . 82X I 0--1 
1 0  0 .0656 
1 5  0.0445 
20 0.0340 
25 0 .0274 1 . 1 6X I 0-4 
30  6 .09X l O-J 9 .7X l O-) 
3 5  5 . 206X l O-J 8 . 3XI0-5 
40 4 .5587X I O-3 7 .2X I O-J 
45 4 .05X l O-J 6 .47X l O-) 
50 3 .65X I O-J 5 . 82X I O-) 
75  3 . 8X l O-· 
1 00 2 .9X I 0-) 
Table 1 3 :  Calculated values of the Langmuir d imensionless constant separation factor or 
equ i l ibrium parameter (RL) for the adsorption experiments of CV AC-H2S04 and AC­
RN03 and B on AC-RN03 at d ifferent dye concentrations. 
From Table. 1 3 . i t  can be seen that the RL alues are in the range 'O<RL < 1  " ,  so 
that the adsorptions can be seen as a favorable process. The RL values for N B  are c lose 
to O .  
As explained above, the adsorption of CV and N B  on the tested activated 
carbons is wel l  described by the Langmuir  model ,  regardless of the experimental 
condit ions ( i .e. i nit ial  concentration, temperature or pH of solut ion) .  The Langmuir 
equation assumes a homogenous surface. An accurate fi t  means that the active sites are 
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homogeneou 1 )' d i  tributed over the urface for both adsorb nt tested. The theory of 
Langmuir i a tual ly ba ed on the fixation of a monolayer of ad orbate molecules on the 
ad orb nt' urface. 
3.4.2 K i n et ic  tud ie  
3.4.2 . 1 P eudo-fi r  t O rder Mode l  
The p eudo-fir  t order model wa fU'st represented by Lagergren. This model is  
one of the mo t widely used models for describing the adsorption k inetics of a solute 
from aqueou olutions. 
The p eudo-fir  t order equation can be expressed as fol lows: 
( 1 0 ) 
Where Qt i s  the amount of d e adsorbed at t ime f ( mg/g) ;  Qe is the amount of 
dye ad orbed at equi l ibrium and k l  is  a first order rate constant for the adsorption 
( Umin) .  A fter i ntegration and applying boundary conditions f =O to t= f and Q,=O to Q,= 
Q" the i ntegrated fom1 of equation (1 ) becomes 
The equation is applicable  to express experimental results .  Mostly_ it can d iffer 
from a first order equation i n  two wa s :  
1 .  The parameter k l ( Qe-Ql) does not represent the number of 
avai lable sites. 
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2. Th factor log ( Qe) is  an adj u table factor and often it i found not 
equal to the intercept of a plot of log ( Qe- Q,) again t I .  hile in a true first order 
log ( Qe )  hould be equal to the intercept of a plot of log ( Qe- Q,) again t f .  
To fit e perimental data in equation ( 1 1 ) . the equi l ibrium sorption capac i ty.  qe. 
mu t be known. In many cases qe remain unknown as the chemisorpt ion tends to 
become unmea urably low. and the amount sorbate is  sti l l  signi ficantly smal ler than the 
actual equi l ibrium sorption capacity would gi e. 
om1al ly in the l i teratme. the p eudo-fi r  t order equat ion does not fit wel l  for 
the " hole range of contact t ime in  the orpt ion process. It is u ual ly appl icable over the 
init ial 20 to 30 m inute of the sorption procedure. Moreover. often one has to find some 
mean of extrapolating the experimental data to / =00, or treat qe as an adj ustable 
parameter to be determined by trial and error. Therefore, i t  i s  essential to use 
experimental data and the trial and error approach to obtain the equi l ibrium sorption 
capacity. qe, to analyze the pseudo-first order model kinetics ( Ho, & McKay. 1 998;  
Gunay. Arslankaya, & Tosun. 2007) .  
3.4.2.2 Pseudo-secon d  Ord er  M od e l  
The pseudo second-order equation i s  based on  the sorption capacity of the sol id  
phase . Contrary to  other models (e .g  . .  the 1 51 order k inet ic model ) i t  calculates the 
behavior over the whole range of adsorption.  It considers a rate contro l l ing step of the 
adsorption mechanism .  The pseudo-second order chemisorption k inetic  rate equation i s  
expressed as: 
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Where Qe and Q, are the orpt ion capacity at equil ibrium and at t ime I ,  
re pective ) )  (mg gO ' ) and k is  the rate con tant of the p eudo- econd order orpt ion 
proce (g mg" min" ) .  For the boundary condition 1 =0 to 1 =( and Q, =0 to Q, =Q" the 
integrated foml of equation ( 1 2 ) become 
\\Thich i the integrated rate la for a p eudo-second order reaction. Equation 
( 1 3 ) can be r arranged to obtain :  
Which has a l inear form : 
t 
Qt = -l--C ( 1 4 )  
+­kQ� Qe 
t 1 1 
- = - + - t ( 1 5 )  Qc kQ� Qe 
Where h can be regarded as the init ial  sorption rate as q, /f 10 0, hence 
Equation ( 1 5) can be 'WTitten as: 
h = k Q� ( 1 6 )  
t 1 1 
- = - + - t  ( 1 7) Qt h Qe 
Equation ( 1 5 ) does not have the d isad antage of the problem with assigning an 
effective qe. 
If pseudo-second order k inetics  are appl icable, the plot of I IQ, against 1 of 
equation ( 1 5 ) should give a l i near relationship, from which Qe and k can be determined 
from the slope and intercept of the plot and there is no need to know any parameter 
before ( Ho, & McKay. 1 998;  Aksu, 200 1 ) . 
The sorption capacity of active carbon derived from date palm leaves for CV 
and B dyes were evaluated as a function of t ime and the results are shown below ( for 
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: F ig 40.43 and 46: for B :  Fig 49) .  The sorption of the dyes on the Cs were 
treated with p eudo 2nd order and p eudo 1 st order kinetic ( for CV: Fig. 4 1 .  44 and 47. 
Fig. 42.45 and 48. for B :  Fig .  50 and 5 1 ) . In general .  i t  \Va noted that the sorption 
increased w ith contact t ime.  Equi l ibrium was establ ished for CV on AC-H2S04• RN03• 
H3P04 after about 1 20 min and for B equi l ibrium reached more quickly ( after ca. 20 
min . ) .  Further increase in t ime resulted in no drast ic  removal of CV and NB dye from 
the aqueou olution. A maximw11 e p rimental sorption capacity of approx imately  I I . 
24 . and 5 .  mg/g was observed for 25 ppm CV on AC-H2S04• RN03 and H3P04 (0 .05 
g).  respect i \  ely. The max imwn experimental ad orpt ion capac ity for B was found to 
be 30 mg/g on C-H2S04. In  the beginning. the rate of adsorption showed a rapid 
increase owing to the avai labi l i ty of a large number of exchanging sites and then 
gradual ly  slowed, owing to saturation point achieved. 
Correlation coefficients R'2 ( Table 1 4 ) for pseudo 2nd order kinetics model are 
above 0.94 and sugge t strongly that the sorpt ion processes fol low pseudo-second-order 
k inetics .  Overal l .  sorption data of CV and B dyes on date palm leaf derived ACs ( for 
al l activation method tried) fit better the pseudo-second-order kinetics model for a l l  
concentrations than the pseudo-first-order kinetics model .  
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Figure -+0:  dsorpt ion of CY on AC-H1 04 (0 .05 g )  v . t ime for d i fferent conc. of CY 
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F igure 4 1 : Presentation of the Adsorption of CY on AC-H2S04 (0 .05 g )  as fo l lowing pseudo­
second order k inet ics 
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Figur .+2 : Presentat ion o f  the A d  orpt ion of CY o n  AC-H2 O� (0 .05 g )  a s  fo l lowing fir  t order 
k inet ics 
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Figure 43 : Adsorpt ion o f  CY (25  ppm) vs. t ime 011 AC-HN03 (0 .05 g )  
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Figure 44: Pre entali n of the Adsorpt ion of CY (25 ppm) on AC-HN03 ( 0 .05 g) as fol lowing 
pseudo-second order k inet ics 
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F igure 45:  Presentation of the Adsorpt ion of CY (25 ppm ) on AC-HN03 (0 .05 g) as fo l lowing 
first order k i net ics 
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F igure 46:  Adsorpt ion of CV " S. time on AC-H3P04 (0 .05 g) 
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F igure 47: Presentation of the Adsorpt ion of CV on AC-H3P04 (0 .05 g )  as fol lowing pseudo­
second order k inet ics 
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Figure 48 :  Pre entation of the Ad orpt ion of CY on AC-H3P04 ( 0 .05 g) as fo l lowing first order 
k inetics 
35 
30 
j -- )  
20 
Qt 1 5  
1 0  
5 
0 
0 1 00 200 
t ime(min)  
300 
-+-Qt 
400 
Figure 49:  Adsorpt ion ofNB (40 ppm) VS. t ime on AC-H2S04 (0.025 g) 
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Figure 50 :  Pre entation of the Adsorpt ion of B (40 ppm) on AC-H2S04 (0 .025 g) as fo l lowing 
pseudo- econd order k inetic 
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F igure 5 1 :  Presentation of the Adsorption of N B  (40 ppm) on AC-H2SO-+ (0 .025 g)  as 
fol lowing fi rst order k inetics 
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P eudo-fir  t order P eudo-2no order 
Icen Dye E perirnent Rate Theoreti al R� Rate Theoretical R� 
ion Type al con tan ad orption constant(k2 ) adsorption 
y e  adsorption t ( K 1 ) capacity( qe) capac ity( q )  
capacity(qc) 
CV- 7 0 .0 1 03 2 .658 0.493 0 .0099 7 .434 0.998 
H� 04 
A 
CV- 1 1  0 .0 1 08 4 .538  0.627 0.0038 1 2 .224 0.992 
H� 04 
C 
CV- 1 1 0 .0 ]  1 3  4 .55 1 9  0.46 1 0 .0035 1 2 .53  0 .997 
H� O.r 
AC 
NB- 30 0.005 1 3 . 55  0 .86 1 0.0035 3 1 .847 0 .996 
H� 04-
AC 
CV- 24 0.0 1 26 9 .5763 0 .728 0.0025 25 . 38  0.999 
HN03-
AC 
CV- 5 0 .0028 1 .06 0. 1 1 6 0.0099 1 2 .56 0.995 
H3P04-
AC 
CV- 5 0.007 1 2 .3254 0 .539 0.0065 5 .3966 0.994 
H3P04-
AC 
Table 1 4 : Comparison adsorption rate constants and calculated and experimental Qe 
values when treat ing the adsorption processes with first and second order kinetics ( for 
d ifferent concentrations of CV on AC-H2S04 ,HN03,H3P04 and NB on AC-H2S04) .  
3.5 Therm odyn a m ic t ud ie  
3.5. 1 Dete rminat ion  of  !1G, W, a n d  tS of t he  Ad o rpt ion of CV and B on  Pa lm 
lea flet Oed,  ed  AC 
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For the practical appl ication for ad orption pr ce ses, i t  is  important to 
under tand th effect of temperature on the ad orption ( for ev :  Fig 53 .59 � for N B :  Fig 
56)  The effect of temperature on the Kd value for ev and B was tudied at a constant 
d) e concentration of 25 mg/J (25  ppm) and 40 ppm re pect ively . the results are shown 
in ( for e : Fig 62.64 : For B : 63 ) .  The Kd alues were calculated according to equation 
( 1 8 ) .  The Kd \'alue decrease \ ith increasing reaction temperature ( TabJe 1 5 ) from 30De 
to 43DC ± 1 .  The effect of temperature on orption processes was analyzed by Van " t  Hoff 
plot . ba ed on equation ( 1 9) 
( 1 8 ) 
!J.sO !J.HO lnKd = 2 30 3 R  - 2.3 03RT ( 1 9) 
Where Kd i s  the d istribution coefficient. T ( K) is the absolute temperature. R is  
the gas constant ( 8 . 3 1 4  JI ( moIK)) .  I'-:S i s  the entropy change (J/mol )  and /':,� is  the 
enthalpy change ( kJ/mol ) .  F igure (62 ) shows a good l in earity for the plot of In Kd s. r 
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1 .  The value of ff and wer obtained from i t .  GO value were computed for each 
temperature by the Helmholtz re lation (equation 20) .  In the ca e of the ad orption of CV 
on -H2 04, the value of ff and were found to be - 1 9 .69 ( kJmor1 k' l ) and -
.06 1 7 ( kJmor1 k' l ) ,  respectivel . The val ues of of 6.ff and 6.� a ociated with the 
ad orption of B on C-H2 04 and CV on AC-H2 04 and AC-HN03, along with the 
GO value , are hown in Table ( 1 6) .  The negative If value indicates an exothenl1ic  
proce . The negative alue of /}. shows a decrease in  the disorder and randomness at 
the ol id- olution interface during the adsorption of the CV dye on the AC . The 
pontaneity of the sorpt ion proces is demonstrated by the negative value of 6.Go. The 
ab olute values of .JGo decrease with increasing temperature due to the negative value of 
. The thern10dynamic data indicates that the sorption is governed mainl by a 
physisorpt ion process. I f  the sorption process i s  solely physisorption, an increase in 
temperature wi l l  be lead to a decrease in  sorption capac ity.  
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Figure 52:  Typical  cal i bration eurve for CV ( cone. s .  adsorption at A = 305 11m )  
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Figure 5 3 :  Effect of temperature on the ad orpt ion of CY on AC-H2S04 at 3 0°, 3 So and 43° C 
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F igure 54 :  Presentation of the adsorption of CY on AC-H1S04 at d i fferent temperatures as 
fo l low ing second order k inetics 
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F igure 5 5 :  Presentat ion of the adsorpt ion of CV on AC-H2S04 at d i fferent temperature as 
fo l 1O\\ ing fir t order k inet ic 
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Figure 56 :  Effect of temperature on the adsorption of N B  (40ppm) on AC-H2S04 
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Figure - 7 :  Pre entation of the ad orpt ion of B on AC-H2S04 at d i fferent temperatures as 
fo l lo\\ ing econd order k inetics 
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F igure 5 8 :  Presentation of the adsorpt ion of N E  on AC-H]S04 at d i fferent temperatures as 
fo l lowing first order k inet ics 
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Figure 59 :  dsorpt ion ofC on  AC-H 03 a t  d ifferent temperatures 
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F igure 60 : Presentation of the adsorpt ion of CY on AC-HN03 at d i fferent temperatures as 
fo l lowing second order k i netics 
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Figure 6 1 :  Presentat ion of the ad orpt ion of CV on AC-HN03 at d i fferent temperatures as 
fol 10\;.. ing fir  t order k inet ics 
Dye Activation ( T  +273 )K l IT Qe Ce LnKd 
type method 
ev H2SO4 303 0 .003 3 1 3  1 1 .03305 0. 1 64053 
7 20 1 
ev H2SO4 308 0.0032467 1 2 . 1  1 0 .67849 0. 1 25 
5 687 
CV H2SO4 3 1 6  0 .003 1 645 1 3  1 2 .6569 0.027 
NB H2SO4 3 1 3  0 .003 1 95 27 23 .799 0. 1 26 
N B  H2SO4 323 0 .003096 34 29.48 0. 1 43 
N B  H2SO4 333  0 .003003 28 25 .09 0 . 1 1 0 
ev HN03 303 0.0033 24 23 .928 0 .003 
ev HN03 3 1 3  0 .003 1 95 24 23 .93 8 0 .002 
C V  HN03 323 0 .003096 24 23 .988 0.0005 
Table 1 5 : Distribution of the values of co-efficient (Kd ) for CV and NB onto AC at 
d ifferent temperatures 
0. 1 8  
0. 1 6  
0. 1 4  
0. 1 2  
0 . 1 
InKd 0.08 
0 .06 
0.04 
0.02 
o 
y = 1 028 .8x - 3 ._2<W 
R�. 985 --,"'--
I nKd 
-- =-- Linear ( lnKd ) 
0 .003 1 5  0 .0032 0.00325 0.0033 0 .00335 
l iT 
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Figure 62: Detennination of thennod) nam ic parameters ( G,�H. ) for the adsorpt ion of CV 
on AC-H2 04 
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F igure 63 : Determ inat ion of thennodynam ic parameters (�G,�H,�S) for the adsorpt ion ofN B  
on AC-H2S04 
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Figure 64: Determ ination of thennodynam ic paramet r (dG/L'1H/�S) for the adsorption of CV 
on AC-HN03 
Temperature Dye Acti ation !1Go MfJ bS R-
( K )  
303 
308 
3 1 6  
3 1 3  
323 
333 
303 
3 1 3  
323 
method ( kJmor l k- I ) ( kJmor l k- I ) ( kJmor l k l ) 
CV H2SO.J -OA 1 3  - 1 9 .69 -0.06 1 7  0.9855 
CV H2SO4 -0 .32 
CV H2 04 -0.07 
NB H2SO4 -0 .328 - 1 . 5909 -0.0025 0.2347 
NB H2SO4 -0.003 
NB H2SO4 -0.002 
CV HN03 -0.008 -0.2329 -0.000706 0 .8585 
CV HN03 -0.007 
C V  HN03 -0.00 1 3  
Table 1 6 : Thermodynamic  parameters calculated for the adsorption of CV and B on 
AC-H2S04 and of CV on AC-HN03 
3.5.2 Determination of A ctivation Energy 
The act ivation energy i s  calculated from the l inear form of the Arrhenius 
equation ( 2 1 )  
lnk2 = lnkA - Ea (2 1 )  RT 
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With k\ being the pre-exponent ial factor and Ea the activation energy of the 
orpt ion pr ce s ( kJ mol ' ) . fter ploning In (k-J a a function of l iT ( Fig. 65-67) .  the 
value of activation energy are determ ined from the slope of the regression l ine and ko 
fr m the intercept. The apparent activation energie are 42 .88  KJ mor ' for the sorption 
of CV on C-HN 03 and 9. 1 4  kJ mor ' and 3 l . 5 7  kJ mor ' , respectively, for the sorption 
of B and CV on AC-H� 0 .. (Table ] 8 ) .  
The e finding \\- ere pre ented a evidence that mo t l i kely there is  also chemical 
ad orption involved in the rate-contro l l ing step for CV.  
The orpt ion proce s of  CV on C-HN03 necessitates a higher activation energy 
than on C-H� 04• which could be explained by the potential ly more mlcroporous 
nature of AC-HNOJ requiring more energy for the d iffusion of the sorbate. 
It  i known that when the activation energy is low in the sorption process. the 
reaction rate can be control led by an intra-particle d iffusion mechanism ,  and hence it 
can be concluded that the adsorption of B on AC-H2SO .. -AC is go emed by 
interactions of physical nature ( ie .. mainly physisorption is involved) .  
Moreover, Qe values, calculated from the l inear plots of flq! versus t for a 
pseudo- econd-order kinetic equation. show a good agreement with experimental qe 
values (Table 1 7) .  Consequently,  it can be confirmed that the adsorption of CV and B 
onto activated carbon obeys a pseudo-second-order reaction rate.  
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emper Act i \  at ion P eudo-fi r  t order P eudo-2no order 
ure 
�oe 
oUe 
oUe 
oUe 
lJoe 
oUe 
o Ue 
oUe 
oUe 
5ue 
3ue 
method D} e 
hperi Rate 
mental on tant 
ad orpt ( K I ) 
Ion 
capac i t  ( l /m i n )  
. (qe ) 
( mg/g) 
HNO, ey 24 0 .0 1 2  
HN03 ey 24 0 .790 
HNO, ey 24 4 .84x l 0'5 
HNO� e y  24 4 . 80x l 0'5 
H2SO4 N B  2 2  2 .99 ' 1 0
.3 
H2SO4 N B  27 .j 8 .52x 1 0  
H2SO4 N B  34- j 9 .90x I O-
H2SO4 N B  2 8  ·3 9 .44x 1 0  
H2SO4 ev 1 3  0 .0 1 08 
H2SO4 ev 1 2 . 1  0 .0 1 1 1  
H2SO4 ey 1 3  9 .44X l 0·J 
Theoret ical R-
ad orpt ion 
capa it) (qe) 
(mg/g) 
9 .58  0 .072 
2 .20 0 . 1 54 
1 . 78 0 . 1 1 0 
0.95 0 .068 
1 .98 0 .647 
1 0 .9 0 .956 
1 4 . 5  0.966 
1 3 . 7  0.943 
7.26 0 .834 
6 . 1 0 0 .78 1 
4 .34 0 .534 
Rate 
constant 
( k2 ) 
(mg/g min  
) 
2A8X l 0" 
7 .2 1 x l O'.I 
9 .32x l 0·3 
0 .0 1 27 
·3 6.90x 1 0  
·3 
1 . 56x l 0  
.j 
1 .63x l 0  
1 . 1 9x 1 0  
2 . 22X l 0·J 
4 . 1 5X 1 0" 
3 .93 X I O·j 
Theoreti 
cal  
ad orpti 
on 
capac i t), 
( q )  
mg/g 
25 .3 
24 . 8 1  
24 .50 
24.4 
22 .7 
29 .5  
3 5 . 5  
3 1 .6 
1 4 . 7  
1 3 .0 
1 4 .9  
Table 1 7 : Parameters of the acti ation energy for the sorption processes of CV and NB 
R-
0 .999 
0.999 
0 .999 
0 .999 
0.998 
0.993 
0 .996 
0 .992 
0 .993 
0 .994 
0 .996 
as obtained from the effect of temperature the sorption processes of CV (on AC= 1 5 .6 M 
HN03 ) and of B (on AC-H2S04) - comparison of lst&2nd order kinetics. 
88 
Ifemperature Dye ctivation T+273 l iT Rate L nK2 EaC KJ/mol ) 
method constant(k2) 
nuc CV HN03 296 3 .3 8X 1 0-J 2 .48X 1 0-J -S .999 42 .88 
30uC CV HN03 303 3 . 30X I 0-J 7 .2 I x l 0-J -4 .932 
40uC CV HN03 3 1 3  3 . 1 9X 1 0-J 9 .32x l 0-3 -4.676 
SOuC CV HN03 323 3 .09X I O-J 0 .0 1 27 -4.36 
40llC NB H2SO4 3 1 3  3 . 20X I 0-j -J -6 .463 9. 1 4  1 . S6x l 0  
SOllC NB H2SO4 323 3 . l OX l O-J -J -6.42 1 1 .63x l 0  
601lC N B  H2SO4 333  3 .00X l O-J -J -6 .2S 1 . 1 9x l 0  
301lC CV H2SO4 303 3 .30X I O-3 2 .22X I 0-
J 
-6 . 1 1 3 1 . S 7  
3 SlIC C H2 04 308 3 .2SX 1 0-3 4 . 1 SX 1 0-
J 
-S .4846 
_DOC CV H2SO4 3 1 6  3 . 1 7X l O-3 3 .93X I 0-
J 
-S .S39 
Table 1 8 : Calculation of the activation energ of sorption processes of NB and CV on 
AC-H2S04 and of CV on AC-HN03-AC on B and CV 
I nK, 
o 
0.003 0.003 1 0 .0032 0.0033 0 .00.,4 
- 1  
-2 
= -� 1 57 .8x + 1 l . 7 1 8  
R2 = 0.8383 
- -4 
-5 
-6 
-7 
l iT 
• InK 
- Linear ( InK)  
Figure 65 : Determ ination of the  act ivation energy for the  sorpt ion of CY on AC-HN03 
-6 .2 
0 .0029$).003).00300.0030 .003 1 5.003Q.00325 
-6.25 
-6.3 
In K, -6.3 5 .., -----"-- -D 
-6 .4 
-6.45 • 
-6 .5 
l iT 
• InK2 
- L inear ( lnK2)  
Figure 66:  Detennination of the acti ation energy for the  sorpt ion of N B  on AC-H1S04 
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-5 .4  
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- 5 . 5  
-5 .6  
-5 .7  -+-1 ---
In K, -5 . 8  
- 5 .9  
-6 
-6. 1 
-6 .2 
0 .0�25 0.0033 0 .00335  
-y-=--'H-97�. 6.582 1 
R" = 0.56 1 9  
--- . 
l iT 
• I nK2 
-- Linear ( lnK2) 
Figure 67 :  Determ ination of the act ivation energy for the sorpt ion of CY on AC-H�S04 
90 
The adsorption of CV and B can be control led by either the rna s transfer 
through the boundary fi l m  of the l iquid or by the intra-particular mass transfer. 
In a batch reactor with rapid stirring. there is also a possibi l i ty that the transport 
of adsorbate ions from the solution into the pores of the adsorbent is the rate control l ing 
step. This possibi l ity was tested in terms of a graphical relationship between the amow1t 
of d e adsorbed and the square root of t ime at d ifferent initial dye concentrations ( Fig .  
68 and 69) .  For CV as adsorbate. a l l  the plots have the same general aspect.  They al l 
have an init ial  cmved portion, fol lowed by an intermediate l inear portion. The init ial 
portion of these plots is  related to mass transfer and the l inear pari i s  due to intrapari ic le 
diffusion. H owever, no l inear relation i s  observed for NB and the regression coefficient 
is never higher than 0 .93 .  This resul t  c learly indicates that the uptake rate is not 
governed by mass transfer through a l iquid fi l m  boundary, i .e"  by a convective mass 
transfer. B most probably  is transported from the bulk of the solution into the sol id  
9 1  
pha e b) intra-particle d iffusion, which i s  often the rate l imit ing tep i n  many adsorption 
proce e .  
0, eral l .  i t  can be noted that ad orption proce s of B i wel l  correlated with an 
intra-particle diffu ion model . 
1 4  
1 2  
] 0  
amount of 8 
ad orbed 
dye,mgg, 1 6 
4 
2 
0 � -
0 
• 25ppm CV-AC- H2 04 
1 0ppm CV-AC-H2S04 
40ppm CV -AC-H 2S04 
-- L inear ( 25ppm CV -AC­Y = 0.25 1 6x + 3 .6056 H2S04) R2 - 0-896 1 
5 T '  I � 1 0  Ime - 1 5  
-- Linear ( l Oppm CV -AC­
H2S04 ) 
-- L inear (40ppm CV-AC­
H2S04) 
20 
Figure 68: I ntrapart ic le and pore d i ffus ion for the adsorpt ion of CY onto AC-H1S0� at d ifferent 
concentrat ions 
45 
40 +--
3 5  
3 0  --
2 5  
amount o f  dye 
ad orbed.mgg- I 
20 
1 5  
1 0  -
5 
o '---­
o 
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y = 0.4443x  + 3 1 .669 
5 
R� = D.7595 
� 25ppm CY-H2 04 
�25ppl11 CY-H 03 
-.-25ppm CY-H3P04 y = 0.8694x + 1 1 .2 
R2 = 0. 84f)2 __ �40ppl11 B-HN03 
�40ppm B -H2 04 
_40ppm NB H3 P04 
- L inear (25ppm CY-H2S04) 
- L inear ( 25ppm CY-HN03 ) 
__ - L inear (25ppm CY-H3 P04) 
y = 0.523 1 x  + 4 .777 
R2  = 0.9723 
y = 0.205 7x + 1 . 7202 
R2 = 0.9648 
1 0  1 5  
Timel � 
-- L inear (40ppl11 NB- HN03 ) 
-- L inear (40ppl11 B -H2S04)  
- L inear (40ppm B H 3 P04) 
20 
Figure 69:  Intraparticle and pore d i ffusion for adsorption of CY and B onto d i fferent types of 
AC at  d i fferent concentrat ions of the sorbate 
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3.6 D. n a m ic o rpt ion tud ie  
3.6. 1 E x perimenta l  Proced u re 
Dynamic experiment were carried out to explore the fea ibi l ity of usi ng the 
activated carbon prepared above for the puri fication of dye-pol luted water in larger 
quanti tie . 
For constructing and model ing the dynamic sorpt ion experiment. the 
breakthrough curve of the orbate i used d irect ly.  A colunm ( ee methodology) was 
fi l led v" ith 5 . 5  g of AC-H3P04. The dye was injected in to column from the bottom, and 
ample v,ere collected at d ifferent t ime intervals and analysed for dye in the effluent by 
pectrophotometer. The obtained data is  presented in Fig .  70 and 7 l . After 
exhau tion. the COlWl1l1 wa regenerated u ing 1 M HN03 . From Fig.  70 and 7 1 ,  it can 
be seen that AC from date palm leaflet, acti ated with phosphoric acid,  could be used 
for the puri fication of v,ater pol luted with CY ( 1 0  ppm d e .  The breakthrough t ime for 
the fi rst adsorption experiment is 42 .5 h, after 2 .22 L completely c leaned water had been 
col lected. However, after the ftrst recyc l ing of the column. a breakthrough t ime of 24.3 
h v,,"as attained, with 1 .45 L of completely c leaned water. 
So. the regenerated colunm could be used again for another dynamic sorption 
experiment but the efficiency for the second adsorption cycle  i s  l ess than the ftrst one. 
The decrease of adsorpt ion capacity of the col unm between the ftrst cyc le and the 
second one may be attributed to the incomplete removal of the adsorbed dye from the 
activated carbon surface.  The only regenerated sites are the sites occupied by CY dye 
molecules via physical adsorption or ion exchange. Sites with chemical ly adsorbed CY 
94 
c uld n t be regen rat d :  that i why tbe econd cyc le of adsorption i s  Ie  than the first 
one. 
0.9 
0 .8  
0 .7 
0 .6 
0 .5 
ICo 0.4 
OJ 
0 .2 
0 . 1 
0 
-0. 1 0 0 50 
t ime( hour) 
Figure 70:  D) namic adsorpt ion curve for CY on freshly prepared AC-H3P04 
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F igure 7 1 :  Dynamic adsorption curve for CY after 1 st recyc l i ng of AC-H3P04 
3.6.2 1 0de l l i ng  of the Dy n a m i c  Ad orption Behaviou r 
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T) pical l ) , the dynamic ad orption behaviour can be examined by applying 
dam ' -Bohart, Y oon- el on and Thoma model . 
3.6.2 . 1  Adam'  -Bo h a rt M odel  
The ba ic mathematical correlation that relates Ctf 0 and column operat ing t ime 
( I )  for th puri fication of a flowing system was original ly proposed by Bohati and Adam 
( Bohart & dams. 1 9_0) and Cat1 be pre ented as : 
( 22 )  
where Co and C ( mg/L ) at'e the inlet and effluent concentrations, KAB( Llmg min)  
the ad orption rate constant. F ( cm/min)  is  the l inear velocit detem1 ined by divid ing 
the flow rate ( mLimin)  by the column sectional area ( cm\ 0 ( mg/L )  is the saturation 
concentration, 
f is the t10w t ime (min) ,  and Z (cm)  is the adsorbent bed depth. This approach 
focuse on the estimation of characteristic parameters such as the saturation 
concentration No ( mg/L )  and the adsorption rate constant. kAB. using a chemical kinetic 
rate expression. According to the model ,  the adsorption rate is  proportional to both 
residual capacity of the adsorbent. and the concentration of the adsorbing species. The 
appl icabi l ity of the Adam' s-Bohart model was determined using a l inear plot of In Ct 
ICo against t ime ( t )  with a slope kABCO and an intercept, kAsNoZIF. The val id i ty of the 
adsorption equation was judged by determination of the coeffic ient R2 . 
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! though the Adam ' -Bohart model provides a comprehensive approach for 
e\ a Juating the ad orption-column . it val id i ty i l imited to the range of condition used. 
There i a good agreement between th experimental data and predicted value for the 
dam ' -Bohart model v, ith R2 of 0 .8687 and 0 .8 1 94, re pect ively, for the ad orpt ion of 
C on pristine AC and recycled C ( Table 1 9 ) .  
1 
o .  
o 
-0 .5 D 
- I  
- 1 . 5 
1n(C/Co) -2 
-
2
. 5 
-3 
- 3 . 5  
-4  
-4.5 
1 --50 
-F-f-l.....:::.-l.&U.J 5.8x. - 5 .  1 9 5 
R� = 0.8687 ....... Series l 11--""'::"":'" 
-- Linear (Series l )  
t ime(hour) 
Figure 72:  Presentation of the dy nam ic  sorption data (CY on AC-H3P04) i n  form of Adam's­
Bohart model 
InC /Co) 
o 
-0.2 D ')D-
-OAY = 0.03 6:-. - 2.Q723 R1 = 0.8 1 94 
-0.6 
-0 .8  
- 1 
- 1 .2 
- 1 .4 • 
- 1 .6 
- 1 .8 
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o 
• In(Ct/CO) 
- L inear ( In(Ct/CO))  
Figure 73 : Pre entation of the dynamic orption data (CV on AC-H3PO� ). us ing a recyc led 
column. in form of Adam ' s-Bohart model 
Bed height Flow rate Adam's  -Bohart Saturation RL 
(em)  C mllh ) rate constant concentrat ion 
KABC L/mg.h)  oC mg/L )  
1 4  52 . 8  0.025 5079.6 0 .8687 
1 4  50.4 0.0 1 6  3022 . 1  0 .8 1 94 
Table 1 9 : Adam ' s-Bohart fitting paran1eters for the adsorption of CV ( 1 0  ppm) onto 
AC-H3PO.j in a dynan1 ic experiment with a column of 0.45 cm in diameter. 
3.6.2.2 Yoon-Nelson Model 
A relat ively s imple theoretical model addressing the breakthrough behavior has 
been developed by Yoon and elson C Yoon & elsonJ 984) .  The model was derived 
based on the assumption that the rate of decrease in the probabi l ity of adsorption for 
each adsorbate molecule i s  proportional to the probabi l ity of adsorbate adsorption and 
the adsorbate breakthrough on the adsorbent. The mathematical equation of Yoon-
elson model can be written as: 
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Where K y i the Yoon- el on velocity rate con tant ( l lmin)  and T i the time 
(min )  requi red for 50% of ad orbate breakthrough. A l inear plot of In  ( CtJCo-Ct )  against 
the ampling t ime, /,  wa employed to determine the model parameter , Ky and "T .  
Yoon- el on  velocity rate con tant. Ky . increa ed  with increasing the bed flow rate . 
I nspect ion of our data ( R2 = 0 .950_) indicated that the model ga e a good fit for the 
experimental data of the ad orpt ion of CV on AC-H3P04 with the used bed height and 
feed flow rate. The re ult suggests that the d nan1ic ad orption process \ as wel l  
de cribed by the Yoon- elson model .  with a negl igible effect of axial  d ispersion. 
3 
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• I nCtJCo-Ct 
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-5  
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Figure 74: Presentation of the dynamic sorption data (CV on AC-H3P04) in  form of Yool1-
e l son model 
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Figure 75 :  Pre entat ion of the  d) nam ic orpt ion data (CV on AC-H3P04), u ing a recyc led 
column, in form of Yo on-Nelson model 
F lo\\' rate Yoon-Nelson velocity "(,time(hour) for 50% R-
(mLimin )  rate constant of adsorbent break 
KY'N( Llmg.h)  through 
0 .83 0.08 1 2  78 .34 0.9502 
0.84 0.08 1 5  35 .53  0.9397 
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Table 20:  Yoon- elson fitt ing parameters for the adsorption of CV ( 1 0  ppm ) onto AC­
H3P04 
1 00 
Chapter 4 :  Coo clu 1 0 0  
In this work, the u e of  the agricultural \Va te to  addre s the problem of  dye­
loaded wa tev" ater wa add res ed. For this purpo e, three d ifferently acti ated carbon 
were prepared from date palm JeaDet and have been used succes ful ly as an adsorbing 
agent [or the removal of Crystal V iolet ( V) and i l e  Blue from aqueous solution . The 
ad orpt ion \'.;a in fl uenced by various parameter such as temperature, in itial dye 
concentration. d ifferent ize of activated carbon ( C )  and dose of adsorbent. The 
max imum ad orption of CV and B dye on AC from the wastes of date palm leaves 
\\ a obtain d with C prepared by the HN03 activation method. The remo al effic iency 
increa ed v" ith decreasing dye concentration and increa ing dose of adsorbent. The 
Langmuir and Freundl ich ad orption isothernl models were used for the description of 
the ad orption equ i l ibrium of CV and B dye onto acti ated carbon of date palm lea es. 
The data were in good agreement with the Langmuir isotherm rather than the Freundl ich 
isothernl . I t  wa ShO\\l1 that the adsorption of CV and B onto AC best fit the pseudo 
second order model .  
An intrapart ic le d iffusion model developed by Weber and Morris was used to  
calculate the intrapart ic le d iffusion coeffi cients. The adsorpt ion is  probably control led 
by both external mass transfer and intraparticle d iffusion. 
Equi l ibrium data were validated with bench scale fixed bed column on a 
conti nuous basis .  The result i l lustrated that the dynamic adsorption process was efficient 
for the adsorptive removal of CV with the dynamic adsorption capacit ies. Correlation 
coefficient determination CR2) showed a good agreement with results predicted by the 
1 0 1  
Yoon-. el on model rath r than by the dam ' Bohart model .  which implies \'er ati l i ty 
of the model for calculat ions for a potential cale up of the proce . 
ince date palm leave , an agricultur sol id  wa te local ly avai lable, \\ ere used in 
this tud) , the ad orption proce is xpected to be economical ly viable for wastewater 
treatment. everthele , there are ome problems that need to be addre sed in the future. 
The carbon burn-off is too high. v here the carbon burn off a carbon dioxide (another 
v, a te) .  The surface area achie ed in the activations is sti l l  low. An acti ation of the date 
palm leave in the ab ence of oxygen may be uitable to pursue. It was also real ized that 
the reacti \"e d) O\:acron Yellow -3R and ovacron Deep Cherry S-D could not be 
ad orbed in ufficient quantity on the prepared activated carbons. 
In the future. i t  is i magined that the e react ive dyes wi l l  be removed by l ignin 
ba ed carbon. another agricultural waste, which would then have to be functional ized 
chemical ly.  
1 02 
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Figure 76 : Different concentration of Crystal Violet ( C V )  
F igure 77 :  Different concentration o f  N i l e  B lue (NB)  
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Figure 78 :  Dynamic adsorption study set-up for 1 0  ppm Crystal Violet (CV)  
F igure 79 :  Treated date palm leaves 
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Figure 80:  Activated Carbon 
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Figure 80:  Activated Carbon 
